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USE OF CALPAIN INHIBITORS IN THE INHIBmON 
AND TREATMENT OF NEURODEGENERATION 
Background of the Invention 
The present invention relates generally to the field of neuroprotectants and mor 
5 specifically to the use of inhibitors of calcium-stimulated proteases^ such as calpain, as 
therapeutics for neurodegeneration. 

Neural tissues, including brain, are known to possess a large variety of proteases, 
including at least two caldum'^timulated proteases, termed calpain I and calpain II, which 
are activated by micromolar and millimolar Ca^'*' concentrations, respectively. Calpains are 
10 a family of calcium activated thiol proteases that are present in many tissues. Calpain II is 
the predominant form, but calpain I is found at synapses and is thought to be the form 
involved in long term potentiation and synaptic plasticity. 

Thiol proteases are distinguished from serine proteases, metalloproteases and other 
proteases by their mechanism of action and by the amino acid residue (cysteine) that 
15 participates in substrate attadc. Although several thiol proteases are produced by plants, 
these proteases are not common in manunals, with cathepsin B (a lysosomal enzyme), other 
cathepsins and the calpains being among the few representatives of this f amify that have 
been described in manunals. Calpain I and calpain TL are the best described of these, but 
several other members of the calpain family have been reported. 
20 Other Ca^'^^activated thiol proteases may exist, such as those reported by Yoshihara 

et aL in J. BioL Chem. 265:5809-5815 (1990). The term "Calpain" is used hereinafter to 
refer to any Ca^"^ -activated thiol proteases including the Yoshihara en^fme and calpains I 
andn. 

While Calpains degrade a wide vanety of protein substrates, cytoskeletal proteins 
25 seem to be particularly susceptible to attack. In at least some cases, the products of the 
proteolytic digestion of these proteins by Calpain are distinctive and persistent over time. 
Since cytoskeletal proteins are major components of certain types of cells, this provides a 
simple method of detecting Calpain activity in cells and tissues. Specifically, the 
accumulation of the breakdown products ("BDP's") of spectrin, a cytoskeletal protein, has 
30 been associated with the activation of Calpain. In neural tissues, activation of Calpains, as 
evidenced by accumulation of these BDP's, has been observed in many neurodegenerative 
conditions, including denervation resulting from focal electrolytic lesions, genetic 
abnormalities, exdtotoxicity, Alzheimer's disease, following isdiemia in gerbils and following 
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administration of the toxins kainate and colchicine in rats, when administered peripherally 
or centrall]^. 

Commercially avaHaUe in vitro inhibitors of Calpain include peptide aldehydes such 
as leupeptin (Ac-Leu-Leu-Arg-H), as well as epoxysucdnates sudi as E-64. These 
5 compounds are not useful in inhibiting Calpain in Central Nervous System ("CNS") tissue 
in vivo because they are poorly membrane p^meant and, accordingly, do not cross the 
blood brain barrier very wdL Also, many of these inhibitors are poorly specific and will 
inhibit a wide varieQr of proteases in addition to CalpaiiL These commercially available 
compounds are based upon peptide structures that are believed to interact with the substrate 
10 binding site of r?alpy^in Active groups associated with the Calpain inhibitors then either 
block or attack the catalytic moie^ of Calpain in order to inhibit the en^e. 

In addition, other types of compounds thought to possess in vitro Calpain inhibitory 
activity that are not commercially available have been reported. Examples of stich 
compounds include the peptide diazomethanes. See Rich, D^, Inhibitors of cysteine 
15 proteinases, in Protease Inhibitors, AJ Barrett and G Salversen, Eds^ Elsevier, New York, 
1986, ppl53-178, the disclosure of whidi is hereby incorporated by reference. These peptide 
diazomethanes are similar^ thought to be poorly membrane permeant and non-spedfia 

There is some evidence that certain particular inhibitors of Calpain have certain 
therapeutic utilities. For example, leupeptin can facilitate nerve rq»air in primates. 
20 Loxastatin (also known as EST, Ep-460 or E-64d), a derivative of E-64, is believed to have 
utility in the treatment of muscular dystrophy. E-64d, while not having significant protease 
inhibitory activity itself, is believed to be converted to more potent forms, such as to E-64c, 
inside a mammalian body. 

Evidence from electrophysiological studies suggests that one of the earliest factors 
25 in the chain of reactions leading to cell death is an increase in intracellular-free caldiun as 
a consequence of Ca^*** chaimd opening and/or energy depletioxL Intracellular caldum is 
likdy to produce a large number of consequences, induding the activation of a large number 
of enzymes, induding proteases, such as Calpain, lipases and kinases. An increase in 
intracellular caldum is also thought to induce changes in gene expressiorL 
30 Ischemia, head trauma and stroke have all been associated with the rdease of 

glutamate in amounts large enough to lead to excitotoxidty, the toxicity resulting from the 
actions of certain amino acids on neurons of the CNS. The excess glutamate and other 
factors, such as free radical damage of membranes or energy depletion, cause an increase 
in intracellular Ca^*^. It is known that an excess of intracellular Ca^^ leads to several effects 
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believed to be associated with neuronal ceU damage, including destruction of ceU structures 
through activation of phosphoLpase and Calpain, as weU as free radical production resulting 
from activation of phospholipase and xanthine oridase. Many other fectors have been 
associated with neurotoxicity. For example, reductions in action potentials and changes in 
a wide variety of chemical markers are known to be associated with neurons ejq)osed to 
ischemic conditions. 

Notwidistanding the foregoing understanding of certain aspects of neurotoxidty, no 
effective therapy hasyet been developed for most neurodegenerative diseases and conditions 
of the CNS. Millions of individuals suffer from these diseases and conditions. Thus, there 
is a need for therapies effective in treating and preventing these diseases and conditions. 

Summary of the Inventing 
The present invention provide the use of a Calpain inhibitor compound or a 

-pliannaceuticaUy acceptable salt or derivative thereof forthe maiufactureof a medicament 

for inhibiting or treating neurodegeneration in a mammal having or likely to experience a 
15 neuropathology associated with neurodegeneration. In certain embodiments of this use, the 
neurodegeneration is occurring due to exdtotoxicity, HIV-induced neuropathy, ischemia 
following denervation or injury, subarachnoid hemorrhage, stroke, multiple infarction 
dementia, Alzheimer's Disease, Huntington's Disease, or Parkinson's Disease. The 
medicament can comprise a pharmaceutically acceptable carrier and is for parenteral 
administration, such as for transdermal administration, subcutaneous injection, intravenous, 
intramuscular or intrastemal injection, intrathecal injection directly into the CNS or 
infusion. The medicament can also be in a form suitable for oral use. In some 
embodiments, the medicament is for substantially preventing neurodegeneration in a patient 
undergoing surgery during and subsequent to the surgery, such as for a patient undergoing 
neurosurgery, cardiovascular surgeiy or a surgeiy using general anesthesia. The Ca^iain 
inhibitor compound preferably enters tissue of the CNS of the mammal, such as through use 
of a membrane-permeant Ca^in inhibitor. 

Hie present invention also provides an in vitro method of selecting Calpain 
Inhibitors for use as Calpain Inhibitor protectants in the in vivo treatment or inhibition of 
30 degeneration. This method includes identifying compounds having Qdpain inh&itory 
activity in vifr9. and identifying those compounds with Calpain inhibitory activity that are 

membrane permeantthrou^ an iojaiia assay for membrane permeance. The in vitro assay 
for membrane permeance can include providing a plurality of tissue portions from a 
mammal; treating at least one, but not all, of the tissue portions with a Calpain Inhibitor; 
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subjecting the tissue portions to an event that can cause degeneration in untreated tissue; 
measuring the amount of degeneration that occurs in the tissue portions; and comparing the 
amount of degeneration that occurs in the treated tissue portions with the amount of 
degeneration occurring in the untreated tissue portions. The amount of degeneration in the 
5 treated tissue portions being less than the amount of degeneration in the untreated tissue 
portions indicates that the Calpain Inhibitor is membrane-permeant Hie tissue portions 
in some embodiments are brain sUces, platelets or cells in culture. Hie measuring step in 
some embodiments involves anafyzing the tissue portions for the presence of the BDF's of 
a cytoskdetal component such as spectrin, MAP2, actin binding protein or tau. The 
10 measuring step can also include measuring the electrical activi^ of the tissue portions. The 
in vitro assay for membrane permeance can be performed by measuring the ability of the 
Calpain Inhibitor to penetrate platelet membranes and inhibit endogenous Calpain of the 
platelets. 

The present invention also provides the use of a Substituted Heterocyclic Compoimd 
IS or a phannaceutically acceptable salt or derivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegeneration in a mammal having or like^ to 
expmencc a neuropathology associated with neurodegeneration. The medicament is 
preferah^ for inhibiting or treating neurodegeneration of the CNS. The Substituted 
Heterocyclic Compound preferably is a member of the Class I Substituted Isocoumarins, the 
20 Class n Substituted Isocoumarins or the Qass in Heterocyclic Compounds. More 
preferably, the Substituted Heterocyclic Compound is 3-chIoroisocoumarin; a 3,4- 
dichloroisocoumarin; a 3-alko}gr-7-amino-4-chloroisocoumarin; or a 7-substituted 3-alkaxy-4- 
chloroisocoumarin. The use of Qaim 17, wherein said Substituted Heterocyclic Compound 
isCiTPrOIQNH2-CiTPrOIQPhCH2imCbm-COT 
25 NH-OIPrOIC, PhCH^NHCONH-OTEtOIC, PhCH2CONH-CiTEtOIC, or D-Phe-NH- 

CTTEtOIC 

Another aspect of the present invention provides the use of a Peptide Keto- 
Compound having Calpain inhibitoiy activi^ or a phannaceutically acceptable salt or 
derivative thereof for the manufacture of a medicament for inhibiting or treating 
30 neurodegeneration in a mammal having or likdy to experience a neuropathology associated 
with neurodegen^tion* The medicament is preferably for inhibiting or treating 
neurodegeneration of the CNS. The Peptide Keto-Compound preferably is a peptide a- 
ketoestor, a peptide a-ketoadd or a peptide a-ketoamide. More preferab^, the Peptide 
Keto-Compound is a member of one of the following subclasses: Dipeptide a-Ketoesters 
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(Subdass A), Dipq)tide a-Ketoesters (Subdass B), Ttq)eptide «-Ketoesters (Subclass A), 
Tripeptide o-Ketoesters (Subclass B), Tetrapeptide a-Ketoesters, Amino Acid Peptide 
a-Ketoesters, Dipq)tide o-Ketoadds (Subdass A), D^>eptide o-Ketoadds (Subdass B), 
Tripeptide a-Ketoadds, Tetrapq)tide «-Ketoadds and Amino Acid Peptide o-Ketoadds, 
D^)eptide o-Ketoamides (Subdass A), Dipqjtide a-Ketoamides (Subdass B), Tripeptide 
a-Ketoamides, Tetrapeptide a-Ketoamides or Amino Add a-Ketoamides. 

Still another aspect of the present invention provides the use of a Halo-Ketone 
Peptide having Calpain inhibitory activity or a pharmaceutically acceptable salt or doivative 
thereof for the manufacture of a medicament for inhibiting or treating neurodegeneration 
in a mammal having or likefy to experience a neuropathology associated with 
neurodegeneration. The medicamait is preferably for inhihi'ttng or treating 
neurodegeneration of the CNS. The Halo-Ketone Pq>tide can be an amino-halo ketone 
peptide or a diazo-ketone peptide. 

The uses of the present invention of Substituted Heterocyclic Compounds, Pq)tide 
15 Keto-Compounds or Halo-Ketone P^tides can be used in connection with 
neurodegeneration associated with eKitotaridty, HIV-induced neuropathy, isdiemia, 
subarachnoid hemorrhage, stroke, brain seizure, major heart attadc, muhiple infarction 
dementia, Alzheimer's Disease, Huntington's Disease or Parkinson's Disease. The 
medicament of these uses can indude a pharmaceutically accq>table carrier, and be for 
20 parenteral administration, such as transdermal administration, subcutaneous injection, 
intravenous, intramuscular or intrastemal injection, intrathecal injection directly into the 
Ca^S or an infusion technique. The medicament can also be in a form suitable for oral use. 
These uses can also be in connection with neurodegoieration is occurring from isdiemia- 
inducing events, stroke, head injury, major heart attadc, brain seizure, near drowning; carbon 
25 monoxide poisoninft surgery-rdated brain damage or anotho- evait known to cause 
neurodegeneration. 

Another aspect of the present invention provides a method of minmuzing proteofysis 
in an in vifrQ sample containing peptides or proteins during or following the processing, 
production, pr^aration, isolation, purification, storage or transport of the samples, 
30 comprising the addition to the sample of a Substituted Heterocyclic Compound or a Peptide 
Keto-Compound that is a member of one of the following subclasses: Dipq)tide 
o-Ketoesters (Subdass A), Dipeptide o-Ketoesters (Subdass B), Tripeptide o-Ketoesters 
(Subdass A), Tr^eptide o-Ketoesters (Subdass B), Tetrapeptide o-Ketoesters, Amino Add 
Pq)tide o-Ketoest«s, Dipeptide o-Ketoadds (Subdass A), Dipq)tide a-Ketoadds (Subdass 
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B), Tripeptide a-Ketoacids, Tetrapeptide a-Ketoacids, Amino Acid Peptide a-Ketoadds, 
Dipeptide a-Ketoamides (Subclass A), Dip^tide a-Ketoamides (Subclass B), Tripeptide 
a-Ketoamides, Tetrapeptide a-Ketoamides or Amino Acid a*Ketoamides. The present 
invmtion also provides a method of minimizing degradation resulting £rom Calpain activity 
5 in a tissue sample during or following preparation of the sample, comprising the addition 
to the sample of a Substituted Heterocyclic Compound, Peptide Keto-Compound or a Halo- 
Ketone Peptide. The sample can be a whole organ and the addition of compound 
comprises perfusion of the organ with the compound dissolved in fluid. Preferably, following 
the addition step, the tissue sample is used in an assay for neurodegeneration wherein the 
10 assay comprises a test for the products of Calpain activity in the tissue samples. The 
addition of compound in either of these methods can include the addition of a Peptide 
a-Ketoadd to the sample. Preferably, this Peptide a-Ketoadd comprises a compound that 
is a member of one of the following subclasses: Dipeptide a-Ketoadds (Subdass A), 
Dipeptide a-Ketoadds (Subdass B), Tripeptide a-Ketoadds, Tetrapeptide a-Ketoadds or 
IS Amino Add Peptide a-Ketoadds. 

Yet another aspect of the present invention provides pharmaceutical compositions 
for the treatmmt or inhibition of neurodegenmtion. These compositions indude a 
pharmacologically effective neuroprotective amount of a Substituted Heteroqrdic 
Compound, Peptide Keto-Compound or Halo-Ketone Peptide, or pharmaoeutically 
20 acceptable salts or derivatives thereof in a pharmaceutically acceptable formulation 
containing a carrier material In one preferred embodiment, a Peptide Keto-Compound is 
induded in the composition wherein said Peptide Keto-Compound comprises a compound 
from one of the following subclasses: Dipeptide a-Ketoesters (Subdass A), Dipeptide 
a-Ketoesters (Subdass B), Tripeptide a-Ketoesters (Subclass A), Tripeptide a-Ketoesters 
25 (Subclass B), Tetrapeptide a-Ketoesters, or Amino Add Peptide a-Ketoesters. ThisPeptide 
Keto-Compound is preferably one of the following compounds: Bz-DL-Ala-COOEt, 
Bz-DL-AIa-COOCH2-C5H4-CF3 (para), Bz-DL-Lys-COOEt, PhCO-Abu-COOEt, 
(CH3)2CH(CH2)2CO-Abu-COOBt, CH3CH2CH)2CHCO-Abu-COOEt or 
Ph(CH2)5CO-Abu-COOEt Another preferred Peptide Keto-Compound is one of the 
30 following compounds: Z-Ala-DL-Ala-COOEt, Z-Ala-DL-Ala-COOBzl, 
Z-Ala-DL-Ala-COOnBu, Z-Leu-Nva-COOEt, ZrLeu-Nle-COOEt, Z-Leu-Abu-COOEt, 
Z-Leu-Met-COOEt, Z-Leu-Phe-COOEt, Z-Leu-4-Cl-Phe.COOEt, 
2-NapS02-Leu-Abu-COOEt, Z-Leu-NLeu-C02Et, Z-Leu-Phe-C02Bu, Z-Leu-Abu-C02Bu, 
Z-Leu-Phe-C02B2l, MeO-Suc-Ala-DL-Ala-COOMe, or Z-Leu-Abu-C02B2l. Still other 
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Peptide Keto-Compounds for use in the preferred compositions are one of the following 
compounds: Z-AIa-Ala-DL-Ala-COOEt, Z-Ala-Pro-DL-Ala-COOEt, 
Z-Ala-Ala-DL-Abu-COOEt, Z-Ala-Ala-DL-Abu-COOBzl, 
Z.Ala-Ala-DL-Abu-COOCH2-C4H4.CF3 (para), H-Leu-Ala-DL-Lys-COOEt, 
5 Z-Leu-Leu-Abu-COOEt, Z-Leu-Leu-Phe-COOEt, MeO-Suc-Val-Pro-DL-Phe^OOMe or 
2-NapS02-Leu-Leu.^u-COOEt. A preferred Peptide Keto-Compound could also be 
MeO-Suc-Ala-Ala-Pro-DLAbu-COOMe or Z-Ala-Ala-Ala-DL-Ala-COOEL Still other 
preferred Peptide Keto-Compounds would be a compound from one of the following 
subclasses: Dipq>tide a-Ketoadds (Subclass A), Dipqitide a-Ketoadds (Subclass B), 
10 Tnpq)tide a-Ketoadds, Tetrapq>tide a-Ketoadds or the Amino Add Peptide a-Ketoadds. 
Thus, preferred Peptide Keto-Compounds could be one of the fallowing compounds: 
Bz-DL-Lys-COOH, Bz-DL-Ala-COOI^ Z-Leu-Phe-COOH or ZpLeu-Abu-COOH. A 
compound from one of the following subclasses: Dipqjtide a-Ketoamides (Subclass A), 
D^eptide a-Ketoamides (Subclass B), Tripeptide a-Ketoamides, Tetrapeptide 
15 a-Ketoamides or Amino Add a-Ketoamides, could also be used in the preferred 
compositions. Ihus, another preferred Peptide Keto-Compound would be one of the 
following compounds: Z-Leu-Phe-CONH-Et, Z-Leu-Phe-CONH-nPr, Z-Leu-Phe-CONH- 
nBu, Z-Leu-Phe-CONH-iBu, Z-Leu-Phe-CONH-Bzl, Z.Leu-Phe-CONH-(CH2)2Ph, Z-Leu- 
Abu-CONH-Et, Z-Leu-Abu-CONH-nPr, Z-Leu-Abu-CONH-nBu, Z-Leu-Abu-CONH-iBu, 
Z-Leu-Abu-CONH-BzI, Z-Leu.Abu-CONH-(CH2)2Ph, Z-Leu-Abu-CONH-(CH2)3- 
N(CH2CI^O, Z-Leu-Abu-C01>JH-(CH2)7CH3. Z.Leu-Abu-CONH-(CH2)20B[, Z-Leu-Abu- 
CONH-(CH2)20(CH2)20H, Z-Leu.Abu-CONH-(CH2)i7CH3, Z-Leu-Abu-CONH-CH2- 
CgH3(OCH3)2 or 2:-Leu-Abu-CONH-C3l2-C4H4N. TTie composition can also indude a 
Substituted Hetarocydic Compound sudi as one of the Class I Substituted Isocoumarins, 
25 Class n Substituted Isocoumarins or Qass m Heterocyclic Compounds. Ptefeired 
Substituted Heta-ocydic Compounds are 3-diloroisocouniarin, a 3,4-dichloroisocoumarin, 
a 3-alkaxy-7-amino-4-chlorQisocoumarin, a 7-substituted 3-allaB7-4-chloroisocoumarin; 
aiPrOIC, NHj-CiTPrOIC, PhCHjNHCONH-CfmOIC. CHgCONH-QTPrOIC, L-Phe- 
NH-CiTPrOIC, PhGHjNHCONH-QTEtOIC, PhCHjCONH-aTEtOIC, or D-Phe-NH- 
30 CflEtOIC In these compositions, the composition is preferably in dosage form conq)rising 
from 70 |ig to 7 g of active ingredioit in each dose, and the carrier material indudes a 
liquid, whorein the conq}osition is in dosage form and wherein each dose comprises from 
0 J ml to 1 liter of said carria material The compositions can additionally indude at least 
one of the following: DMSO r other organic sohrent, a l^id carrier, a detergent, a 
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surfactant, or an emulsifying agent Hiese compositions can be suitable for parenteral 
administration or in a form suitable for topical application. The compositions can be in a 
variety of forms, sudi as an aqueous solution, a lotion, a jelly, an oily solution, or an oil^ 
suspension. 

5 The present invention also provides the use of a Substituted Heterocyclic Compound 

as a medicament, the use of a Halo-Ketone Peptide as a medicament, and the use of a 
Peptide Keto-Compound as a medicament, wherein said Peptide Keto-Compound is a 
compound from one of the following subclasses: Dipeptide a-Ketoesters (Subclass A), 
Dipeptide a-Ketoesters (Subclass B), Tripeptide ce-Ketoesters (Subclass A), Tripeptide 
10 a-Ketoesters (Subdass B), Tetrapeptide a-Ketoesters, or Amino Add Peptide a-Ketoesters. 
Preferred Peptide Keto-Compounds in this use include any one of the Peptide Keto- 
Compounds described above in connection with the pharmaceutical compositions* 

Brief Summary of the Figures 
Figure 1 shows the percentage of inhibition of glutamate-induced cell death through 
15 the addition of glutamate and various Calpain Inhibitors relative to control where no 

glutamate was added 

Figure2 graphicafly depicts the effects of Z-Leu-Phe-CONH-Et (CX269) and ZrLeu- 
Abu-CXDNH-Et (CX275) on the size of infarction produced upon MCA occlusion in male 
rats. 

20 Figure 3 shows the effects of CX216 (ZrLeu-Phe-C02Et, a Peptide Keto- 

Compound), and CIl (Ac-Leu-Leu-Nl&-H) relative to control slices on survival of 
hippocampal slices exposed to 10 minutes exposure of anoxic atmosphere where both of 
these compounds were added at their optimal inhibitory concentration at both 1 hour and 
2 hour incubation times. 

25 Figure 4 shows the evoked potential amplitude for control, dl treated and CX218 

treated hippocampal slices over a time course during which the sUces are exposed to anoxic 
atmosphere. 

Figure 5 shows the percent recover of EPSP from severe hypoxia over the course 
of one hour incubation for Z-Leu-Phe-CONH-Et (CX269) and ZpLeu-Phe-C02Et (CX216). 
30 Figure 6 shows a comparison of the effect of the presence of dl or CX216 on 

survival of hippocampal slices expressed as the duratbn of anoxia (in minutes) before fiber 
volley disappearance. 

Figure 7 shows the effects of CIl compared with control on the behavioral and 
convulsive effects of kainic acid. 
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Figure 8 shows the amount of spectrin BDFs in rat brains exposed to kainate for 
control and dl treated rats. 



Inventipj ^ 



A. iNTRODurnnTj 

We have discovered that Calpain activation is an event central to many cases of 
brain atrophy and degeneration and that inhibition of Calpain alone is sufficient to inhibit 
or prevent ceU deterioration and loss. Thus, we have further discovered that inhibition of 
Calpain provides protection from neurotoxicily associated with many neurodegenerative 
conditions and diseases. 

In accordance with the foregoing discoveries, we believe that the elevation of 
intraceUular calcium associated with neuropathological conditions in neuronal cells activates 
Calpain and sets in motion the digestion of neuronal cells from within. We believe there 
may be other mechanisms of activation of Calpains associated with these conditions. 
Accordingly, one aspect of the present invention is directed to inhibition and treatment of 
15 the neurodegeneration and other diseases associated with this digestion through the 
inhibition of Calpain activity. TTius, part of this aspect of the present invention is to prevent 
the neurodegeneration and other pathology caused by this digestion through the in vivo 
administration of Calpain inhibitors. By way of example, and not of limitation, diseases and 
conditions which can be treated using this a^ect of the present invention include 
neurodegeneration following excitotoxicity, HIV-induced neuropathy, ischemia, denervation 
followingischemia or injuiy, subarachnoid hemoirhage, stroke, multiple inferction dementia. 
Alzheimer's Disease (AD), Parkinson's Disease, Huntington's Disease, surgeiy-related brain 
damage and other neuropathological conditions. 

As stated above, spectiin BDP's have been found to be associated with Ca^ain 
activaUon iojasa. We have observed that in each instance of neurodegeneration in which 
BDP's characteristic of Calpain activation are detected. Calpain activation is Jocalized to the 
brain areas most vuhierable to the particular pathogenic manipulation. In addition, as 
judged by histological methods, Ga^ain activation precedes overt evidence of 
neurodegeneration. According^, Calpain activation is spatiaUy and temporafly linked to 
30 impending or ongoing ceU death in the brain. Thus, we believe that QJpain activation is 
an important mechanism of ceU damage and death in many pathological conditions, 
including neuropathological conditions. Moreover, there is evidence that the activation 
of Calpains is an early event in the death of cells including neural cells. This is in contrast 
to other known proteases which are activated at later stages of ceU deatL Thus, we believe 
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that, advantageously, inhibition of Calpain activi^ provides intervention at an early stage 

of cell death, prior to sigaificant deterioration of cellular machineiy. 

Another aspect of the involvement of Calpains in neurodegeneration is the 

involvement of these proteins in regenerating systems. It is known that developing or 
5 regenerating axons are somehow inhibited from further development in a stabilization 

process called the "stop pathway." This stabilization can occur when axons have reached 

their targets; however, in some systems stabilization can also occur at inappropriate places. 

One researcher has developed evidence that this stop pathway operates at least in part fay 

the activation of intracellular Calpain and that inhibition of Calpain can interfere with 
10 stabilization (Luizzi, 1990). We believe that Calpain inhibitors, when used in accordance 

with the present invention, can advantageously aid regeneration and recovery of neural 

tissue after injury, in addition to inhibiting neurodegeneration. 

Another aspect of the present invention is our discovery that at least three classes 

of compounds, the substituted isocoumarins, the peptide keto-compounds and the Halo- 
15 Ketone Peptides have Calpain inhibitory activity. We have further discovered, as will be 

described hereinbelow, that these three classes of compounds exhibit additional properties 

that render them especially useful as therapeutically effective compounds in the treatment 

of neurodegenerative conditions and diseases. 

B. SUBSTnTTTED HETERQCYCLTC COMPOUNDS 

20 One particular dass of compounds eadiibiting Calpain inhibitory acdvity, when used 

in accordance with the present invention, are the substituted heterocyclic compounds. These 
compounds include the substituted isocoumarins. The substituted heterocyclic compounds 
are known to be excellent inhibitors of serine proteases. As discussed hereinbelow, we have 
now discovered that these compounds are also inhibitors of calpain I and calpain and also 

25 of other Calpains. Additionally, as also discussed below, we have found that, unlike most 
known inhibitors of Calpains, these substituted heterocydic compounds are not effective as 
inhibitors of papain or cathepsin B. Thus, we believe that the substituted heterocyclic 
compounds provide a relatively specific means of inhibiting Calpains while not affecting 
other thiol proteases. 

30 One particular class of substituted het^ocydic compounds with Calpain inhibitory 

activity are the isocoumarins having cationic substiturats. These substituted heterocydic 
compounds are referred to herein as the *Qass I Substituted Isocoumarins." Hie Class I 
Substituted Isocoumarins are known to be excellent inhibitors of several soine proteases, 
induding bovine thrombin, human thrombin, human factor Xa, human factor XIa, human 
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fkctor Xna, bovine tiypsin, human plasma plasmin, human tissue plasminogen activator, 
human lung tijptase, rat skin tiyptase, human leukocyte elastase, pordne pancreatic 
elastase, bovine chymotrypsin and human leukocyte cathq>sin G. The Class I Substituted 
Isocoumarins inhibit the serine proteases by reaction with the active site serine to form an 
acyl enzyme, which in some cases may fiirther react with another active site nudeophile to 
form an additional covalent bond We have discovered that the Class I Substituted 
Isocoumarins also react with Calpain. We believe that the medianism of action of Calpain 
inhibition is shnilar to that of the inhibition of serine proteases since the reaction 
mechanism of Ca^ains is similar to that of the serine proteases. 

Ihe Class I Substituted Isocoumarins having Calpain inhibitory activity have the 
following structural formula: 



O 



(J) 




or a phannaceutically acceptable salt, wherein 

Z is selected from the group consisting of Cl-6 alkoxy with an amino group attached 
to the alkoxy group, Cl-6 alko^ with an isothiureido group attached to the alkoxy group, 
Cl-6 alkoxy with a guanidino group attached to the alkoxy group, Cl-6 alko3g^ with an 
amidino group attached to the alko^ group, Cl-6 allgrl with an amino group attached to the 
allgd group, Cl-6 alkyl with an isothiureido group attached to the alkyl group, Cl-6 alkyl 
with an guanidino group attached to the alkyl group, Cl-e alkyl with an amidino group 
attadied to the aUgd group, 

R is sdected from the group consisting of 0=C«^N-, S«C=N-, AA-NH-, AA-AA- 
NH-, AA-O, AA-AA-0-, M-NH-, M-AA-NH, M-AA-AA-NH-, M-0-, M-AA-0-, M-AA-AA- 
0-, 

wherein AA represents alanine, valine, leucine, isoleudne, proline, methionine, 
phenylalanine, tiyptpphan, glycine, serine, threonine, cysteine, tyrosine, beta-alanine, 
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nodeudnei norvaline^ alpha-aminobutyric add, epsilon-aminocaproic acid, dtruUine, 
hydroxyproliney ornithine or saicosine, 

wherein M represents NH2-CO-, NH2-CS., NH2-S02-, X-NH-CO-. X-NH-CS, X- 
NH-S02, X-CO-, X-CS-, X-S02., X-O-CO-, or X-0-CS-, 
5 wherein X represents Cl-6 allgd, Cl-6 fluoroalkyl, Cl-6 alkyl substituted with K. 

Cl-6 fluoroallgd substituted with K, phenyl, phenyl substituted with J, phenyl disubstituted 
with J, phenyl trisubstituted with J, naphthyl, naphthyl substituted with J, naphthyl 
disubstituted with J, naphthyl trisubstituted with J, Cl-6 allgi with an attadied phenyl group, 
Cl-6 alkyl with two attached phenyl groups, Cl-6 allqi with an attached phenyl group 
10 substituted with J, or Cl-6 alkyl with two attached phenyl groups substituted with J, 

wherein J represents halogen, COOH, OH, CN, N02, Cl-6 alkyl. Cl-6 alkoxjr, Cl-6 
alkylamine, Cl-6 diallcylamine, or Cl-6 allgrl-O-CO-, 

wherein K represents halogen, COOH, OH, CN, N02, NEE, Cl-6 allg^lamine, Cl-6 
diallg^Iamine, or Cl-6 allg^l-O-CO-, 
15 Y is selected from the group consisting of H, halogen, trifluoromethyl, methyl, OH 

and metho^. 

Hie compounds of Formula (I) can also contain one or more substituents at position 
B as shown in the following structure: 

20 Bo 




wherein electronegative substituents sudi as N02, CN, CI, COOR, and COOH will 
increase the reactivity of the isocoumarin, and electropositive substituents such as NH2, OH, 
30 alkoxy, thioalkyl, alkyl, alkylamino, and dialkylamino will increase its stability. Neutral 
substituents could also increase the stability of acyl enzyme and improve the effectiveness 
of the inhibitors. 

The following compounds are representative of the Class I Substituted Isocoumarins 
of the present invention: 
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4<:hloro-3-(3-isothiurddopropo)7)isocoi]marin (CTTPrOIC) 

7-(benzyicarbainoylainino)-4-chloro-3-(3- 
isothiureidopropo3rjr)isocoumarin (PhCHZMHCONH-CiTPrOIC) 

7-(phenylcarbamoylamino)-4-chloro-3-(3- 
isothiureidopropQ)Qr)isoraumarin (PhNHCONH-CiTPrOIC) 

7-(acetylamino)-4-chlorch3-(3- 

isothiureidopropoxy)i50coumarin (CHSCONH-CriPrOIC) 

7-(3-phenylpropionylamino)-4-chloro-3-(3- 
isothiureidopropQxy)isocoumarin (PhCaa2CH2CONH-CiIPrOIC) 

7-(phenylacetylamino)-4-chloro-3-(3- 
isothiureidopropoxy)isocouinarin (PhCH2CONH-CiTRrOIC) 

7-(L-phenylalanylainino)-4-chloro-3-(3- 
isothiureidopropoxy)isocoumatin (L-Phe-NH-CSTPrOIC) 

7-(N-t-butyloxycarbonyl-L-phenyIalanylamino)-4KWor^^ 
(Boc-L-Phe-NH-QTRrOIC) 

7-(D-phenylalanyIamino)-4-chloro-3-(3- 
isothiureidopropoxy)isocoumarin (D-Phe-NH-CSIPrOIC) 

7-(N-t-butylo^carbonyI-D-phenylalanylamino)-4-chloro-3- 
(3-isothiureidopropoxy)isocoiimarin ^oc-D-Phe-NH-CiTPrOIQ 

7-(benzylcarbamoylamino)-4-chloro-3-(2- 
isothiureidoetho3y)isooouinarin (PhCH2NHCONH-CiTEtOIC) 

7-(phenylcarbamoylainino)-4-chioro-3-(2- 
isothiureidoethQxy)isocouinarin (PhNHCDNH-CiTEtOIC) 

7-(isopropylcarbainoylainino)4-chloro-3*(2- 
isothiureidoetho3y)isocouinarin ((CH3)2CHNHCONH-CrrEtOIC) 

7-(phenylacetylainino)-4-chloro*3-(2- 
isothiiireidoetho3Qr)isocoumarin (PhCH2CONH-CiTEtOIC) 

7-(L-phenylalanylainmo)-4-chIoro-3*(2- 
isothiureidoetho^)isocoumarin (L^Phe-NH-CiTEtOIC) 

7-(N44)utylci)ycarbonyl-I^phenyldanyhmm 
(Boc.L.phe-JJH-CnEtOIC) 

7-(D-phenylalanylainino)-4-chIoro-3-(2* 
isothiureidoelhoxy)isocoumarin (D-Phe-NH-CflEtOIC) 
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7.(N-t-butylo^carbonyl-D-phenylalanjd^^ 
(Boc-D-Phe-NH-CxTEtOIC) 

7-(N-t-butyloxycarbonyl-L-alanyl-L-alanylamino)-4-chloro-3-(2- 
isothiureidoethQ3y)isocoiimarin (BooAla-Ala-NH-CilEtOIC) 

5 

7-(L-aIanyl-L-alanylainino)-4-chloro-3-(2- 
isothiureidoethoxy)isocoiiniarin (ala-Ala-NH-CiTEtOIC) 

7-(l-naphthylcaAamoylainino)-4-chloro-3-(2- 
10 isothiureidoethoxy)isocouinarin (NaphthylNH-aTEtOIC) 

7-((S)-a-methylbeiizyIcarbamqyIainino)-4-d^ 

isothiureidoethoxy)isocoumarin (S-C6H5(CH3)C3INHCONH-aiEtOIC) 

15 7-((R)-a-methylben^lcarbamoylamino)-4-chloro-3-(2- 

isothiureidoethoxy)isocoumariii (R^C6H5(CH3)CHNHCONH-CrrEtOIC) 

7-danqdamino-4K±loro-3-(2risotWureidoetha^^ PansylNH-CiIEtOIC) 

20 7-phenyltUocarbamoyIaniino-4-chloro-3-(2- 

isothiurddoetho:gr)isocoiiniarin (PhNHCSNH-CiTEtOIC) 

7-(in-carbo}syphenyltMocarbamoyl)aininch4-cUoro-^ 
isothiiireidoethoxy)isocbumarin (m^OOH-PhNHCSNH-aTEtOIC) 

25 

7-(jp-<arboxyphenyltMocarbamoyl)amincH^chloro-3-(2- 
isothiureidoethQxy)isocoumarm Q)^OOH-PhNHCSNH-aTEtOIC) 

7-ainino-4Kdiloro-3-(3-isothiurddopropcogr)isocoum 
30 (ACmC) 

Isocoumarins with basic substituents are also known to be effective inhibitors of 
serine proteases. See Powers et al, U.S. Patent No. 4,845^42, the disclosure of which is 
hereby incorporated by rrference. This dass of compounds, referred to herein as the "Class 
35 n Substituted Isocoumarins," along with the other substituted heterocyclic compounds, is 
believed to be effective in the use of the present invention. 
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The Qass II Substituted Isocoumarins have the following structural fonnula: 




or a pharmaceutically acceptable salt, wherein 

R is selected from the group consisting of -N-H-C(=NH)-NH2, -C(«NH)NH2, C^^ 
alkyl with an attached amino, and C^^ alkyl with an attached isothiureido of the formula - 
S-C(+NH2+)NH2, 

15 Z is selected from the group consisting ci H, halogen, C^^ alkyl, C^^ alkyl with an 

attached phenyl, C^^ fluorinated all^l, C^^ alkyl with an attached hydrcocyl, C^^ alkyl with 
an attached C^^ alkoxy, C^^ alkoxy, C^^ fluorinated alkoxy, C^^ alko;^ with an attached 
phenyl, benzylo^, 4-fluorobenzyloxy, -OCHjC^ 4R* (2-substituent), -OCH2C^H4R' (3- 
substituent), -0CH:2C^H4R' (4-substituent), -OCH2C5H3R2* (?.3^^.:bst:ti;ents), - 
20 OCH2C5H3R2' (2,4-substituents), -OCHj^d^sI^* (2,5-substituents), • C:."^-^ -6^^3R2* (^t^- 
substituents), -OCH2C5H3R2' (3,4-substituents), and OCH2CgH3R2 (3,5-substituents). 

R' is selected from the group consisting of H, halogen, trifluoromethyl, NO2, cyano, 
methyl, metho:8y, acetyl, carbo}^l, OH, and amino. 

Y is selected from the group consisting of H, halogen, trifluoromethyl, methyl, OH, 
25 and methoxy. 

Alternately, the Qass II Substituted Isocoumarins are represented by structure (II) 

where, 

Z is selected from the group consisting of C^^ aIko:Qr with an attached isothiureido, 
C^^ alkoxy with an attached guanidino, C^^ alko:^ with an attadied amidino, C^^ alkyl with 
30 an attached amino, C^^ - attadied isothiureido, C^^ all^l with an attached 

guanidino, C^^ alkyl with an att£ midino, 

R is selected from the gs sisting of % OH, NH2^ NO2 halogen, C^^ alkoxy, 
C^^ fluorinated alkoxy, C^^ alkyi yl wit : ' nacht; ^ amino, M-AA-NH-, M-AA-0-, 
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wherein AA represents alanine, valine, leucine, isoleudne, proline, methionine, 
phenylalanine, tryptophan, glycine, serine, threonine, q^teine, tyrosine, asparagine, 
glutamine, aspartic acid, glutamic add, lysine, arginine, histidine, beta-alanine, norleucine, 
norvaline, alpha-aminobuQfric and epsilon-aminocaponic acid, citruUine, hydroxyproline^ 

S ornithine and sarcosine, 

wherein M represents lower alkanoyl having 1 to 6 carbons, carboi^alkanoyl, 
hydro]g^anoyI, amin-alkanoyi, benzene sulfonyl, tosyl, benzoyl, and lower allqrl sulfonyl 

having 1 to 6 carbons, 

Y is selected from the group consisting of H, halogen, trifluoromethyl, methyl. OH 

10 and metho}^. 

As a further alternative, the Class II Substituted Isocoumarins are represented by 

structure (H) where 

Ris seleaed from the group^conristing of •N-H-C(=NH)-NH2; -C(=NH)NH2, C^^ 
oJkyl with an attadied amino, C^^ allgi with an attadied isothiureido, 
15 Z is selected from the group consisting of C^^ aSkaxy with an attached amino, Cj^ 

alkoxy with an attached isothiureido, C^^ alkoxy with an attadied guanidino, C^^ alkoxy 
with an attached amidino, C^^ allgd with an attached amino, C^^ alkyl with an attadied 
guanidino, C^^ alkyl with an attached amidino, 

Y is selected from the group consisting of H, halogen, trifluoromethyl, methyl, OH 

20 and metho]Qr. 

The following compounds are representative of the C3ass II Substituted 

Isocoumarins: 

3-(3-aminopropo3Qr)isocoumarin, 
3-(3-aminopropoxy)-4-chloroisocoumarin, 
25 3-(2-isothiureidoethoxy)-4-chloroisocoumarin, 

3-(3-isothiureidopropo:7)-4-chIoroisocoumarin, 

■ 

7-amino-3-(3-isothiureidopropo3y)-4-diloroisocoumarin, 
7-guanidino-3-metho:^ocoumarin, 
7-guanidino-3-metho;^-4-chIoroisocoumarin, 
30 7-guanidino-3-ethoxyisocoumarin, 

7-guanidino-3-etho3gr-4-chloroisocoumarin, 

7-guanidino-3-(2-phenylethoxy)isocoumarin, 

7-guanidino-3-(2-phenylethoxy)-4-chloroisocoumarin. 
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Still another class of susbstituted heterocyclic compounds useful in the present 
invention is referred to herein as the "Qass IE Heterocyclic Compounds" and have the 
following structural formula: 




10 



wherein 

Z is selected from the group consisting of CO, SO, SO2, CQ and CF, 
15 Y is selected from the group consisting of O, S and NH, 

X is selected from the group consisting of N and CH, and 
R is selected from the group consisting of C^^ alkyl (such as methyl, ethyl and 
propyl), Cj^ alkyl containing a phenyl (such as benzyl), and C^^ fluoroalkyl (such as 
trifiuoromethyi, pentafluoroethyl, and heptafluoropropyl). 
20 The Z group must be electrophilic since it interacts with the active site serine OH 

group of the serine protease. The R group must be undiarged and hydrophobia One or 
more of the carbons in the R group could be replaced by O, S, NH and other such atomic 
groups as long as the R group maintains its hydrophobic character. 

The following compounds are representative of the Class m Heterocyclic 
25 Compounds: 

2-trifluoromethyl-4H<-3,l»benzoxazine-4-one, 
2-pentafluoroethyl-4H-3,l-ben2oxazine-4-one, 
2-heptafluoropropyl«4H-3,l-benzoxazine-4-one, 
2-methyMH-3, l>benzoaxazine^*one, 
30 2-propyl-4H-3,l-benzoaxa2ine-4-one, 

2-benzyl*4H*3,l-benxoaxazine-4-one, 
2-heptafluoropropyM*quinaz(3linone, 
2-propyl-4-quinazolinone, 
2-benzyl-4-quinazolinone, 
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2-(C^H5CCl2)-4-chloroquinazoIine, and 
2-propyl-4-chloroquiiiazQline. 
Ibe Class III Heterocyclic Compounds are disclosed in Powers et aL, U.S. Patent No. 
4,847^02, the disclosure of whidi is hereby incorporated by reference. 

Other substituted heterocyclic compounds have been prepared earli^ for other 
purposes^ such as 3-<:hloroisocoumann, Davies and FoolCi J. Chem. Soc., pp. 1616-1629 
(1928); 3-chloro and 3,4-dichloroi50COumarin, Milevskaya, Belinskaya, and Yagupol'skii, 
Zhur. Org. Khim. 9, pp. 2145-2149 (1973); 3-methyl and 4-carba3gr-3-methylisocoumarin, 
Tirodkar and Usgaonkar, Ihd. J. Chem. 7, pp. 1114-1116 (1969); 7-nitro and 7- 
aminoisocoumarin, Choksey and Usgaonkar, Ind. J. C2iem. 14B, pp. 596-598 (1976). The 
disclosures of all of the preceding articles are hereby incorporated by reference. These 
other substituted isocoumarins are also believed to exhibit Calpain inhibitozy activity when 
used in accordance with the present invention. 

Still other substituted isocoumarins which have been prepared recently for inhibition 
of serine proteases are 3-diIoroisocoumarin, Harper, Hemmi, and Powers, J. A. QienL Soa 
105, pp. 6518-6520 (1983); 3,4-dichloroisocoumaiin, Harper, Hemmi, and Powers, 
Biochemistry 24, pp. 1831-1841 (1985); 3-alkoxy-7-aniino-4-chloroisocoumarin, Harper and 
Powers, J. Am. Chem. Soc 106, pp. 7618-7619 (1984), Harper and Powers, Biochemistry 24, 
7200-7213 (1983); additional substituted isocoumarins with basic groups (aminoalkojgr, 
guanidino or isothiureidoalkoxy), Kam, Fujikawa and Powers, Biochemistry 27, pp. 
2547-2557 (1988); 7-substituted 3-alkoxy-4-diloroisocoumarins, Powers, Kam, Narasimhan, 
Oleksyszyn, Hernandez and Ueda, J. Cell Biochem. 39, pp. 33-46 (1989) and Powers, 
Oleksyszyn, Narasimhan, Kam, Radhakrishnan and Meyer, Jr. Biochemistry 29, 3108-3118 
(1990), The disclosures of all of the preceding articles are hereby incorporated by reference. 
We believe that the foregoing compounds, which exhibit serine protease inhibitory activity, 
also exhibit Calpain inhibitory activity when used in accordance with the present invention. 
All of the foregoing isocoumarin compounds, including the Qass I and II Substituted 
Isocoumarins, the Class III Substituted Heterocyclic Compounds and the other substituted 
heterocyclic compounds useful in the practice of the present mvention shall be referred to 
collectively hereinafter as the "Substituted Heterocyclic Compounds/ The term "Substituted 
Heterocyclic Compound" shall be used to refer to any particular species of these compounds. 

The preparation of the various Substituted Heterocyclic Compounds is illustrated by 
Examples SHC1-SHC9. 
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EXAMPLE SHCl 

Preparation of 7-(phenylcarbamoylamino)-4-chloroisocoumarin was synthesized aspreviously 
described (Powers, et aL, Biochemistry 29, 3108-3118 (1990)). Ihis compound (032 g, 1 
mmole) was mixed with phenyl isocyanate (0.12g, 1 mmole) in 5 ml of TUP and the reaction 
5 mixture was stirred at r.L overnight The produa 7-(phenylcarbamoylamino)-4-chloro-3-(2- 
bromoetho3y)isocoumarin precipitated out, yield 40%, m.p. 215-217** C, mass spectrum m/e 
» 437.9 (M+)> Anal. Gala for C^Hi4N204C3Br: Q 49.40; H, 322; N, 6.40; a 8.10, 
Found: C,49.48; H, 3.25; N,634; O, 8.12. The phenylcarbamoylamino compound (0.1 g. 
023 mmole) was heated with 0.02 g of thiourea (0.26 mmole) in 10 ml of THF at 70* C 
10 overnight. The final product predpitated out, yield 0.04 g, 36%, m-p. 161-163* C (dea), 
mass spectrum (FAB+) m/e = 433 (M-Br). AnaL Gala for q9HigN4O4CIBrS:0.25 THF: 
C, 45.12; H, 3.86; N, 10.53; a 6.67. Found: C, 44.83; H, 3.92; N, 10.12; CI, 6.41. 

7-(EthyIcarbamoylamino)-4-chloro-3-(2-isothiureidoethoxy)isocoumarin, 
7-(t-butylcarbamoylamino).4.chloro-3-(2-isothiureidoethoxy)isocoumarin. 
15 7-(benzylthiocarbamoylamino).4-chloro-3-(2-isothiureidoethoxy)isocoumarin, 7- 
(ethylthiocarbamoylamino)-4-chloro-3-(2-isotWureidoethray)isocoumariri^ 
thiocarbamoylamino-4-chloro-3-(2-isothiureidoetho^) isocoumarin, and 7-(2,5- 

dimethylbenzyl) thiocarbamoylanuno-4-chloro-3-(2-isothiureidoethaxy) isocoumarin can be 

prepared by the same procedure. 
20 EXAMPLE SHC2 

Preparation of 7.(acetylamino)-4-chloro-3-(3-isothiureidopropo:y) isocoumarin: 

7-Ammo-3(3-bromopropo}cy)-4-diioroisocoumann was synthesized as previously 

described (Kam, et aL, 1988). Hiis compound (033 g, 1 mmole) was heated with 0.15 g of 

acetic anhydride (1.5 mmole) in 20 ml of dry THF. Aft^ a few minutes, a yellow solid 
25 precipitated out. After 3 hrs, the solution was concentrated to 5 ml, and the solid was 

filtered to give 037 g of 7-(acetyIamino).4-chloro-3-(3-bromopropo3qr) isocoumarin, m.p. 

170-172*C; mass spectrum: m/e « 375 (M+). The acetylated isocoumarin (0.15 g» 0.4 

mmole) was treated with thiourea (0.036 g, 0.47 mmole) to give 0.9 g of the final product, 

(yield 50%), m.p. 180-18rc, mass spectrum m/e « 370 (M+-Br). AnaL Calc. for 
30 Ci5Hi7N304ClBrS: C, 39.97; H, 3.80; N, 932; Q 7.87. Found: C, 39.86; H 3.83; N, 929; 

a, 7.85. • 

7-trifluoroacetylamino^-chloro-3-(3-isothiureidopropoxy) isocoumarin, 1^ 
heptafluorobutyroykniino-4-chloro-3-(3-isothiureidopropo}Qr)isocoumarin,7-sua^ 
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4-chloro-3-(3-isothiureidopropoxy) isocouxnarin, and 7-(o-phthalyl)ainino-4-chloro-3-(3- 
isothiureidopropco^) isocoumarin can be prepared by the same procedure. 

EXAMPLE SHC3 

Preparation of 7»(benzylcarbamoylamko)-4K:Uoro-3-(3-isothiureidopropo3y) 

5 isocoumarin: 

7-(ben^lcarbamoylamino)-4-diloro-3(3-bromopropoxy) isocoumarin was prepared 
from the reaction of benzyl isocyanate with 7-amino-4-chloro-3-(3-bromopropoxy) 
isocoumarin as described above, m.p. 188-189*^0, mass spectrum: m/e = 359 (M+ -ben^l). 
The final product was obtained from the reaction of 7-(ben2ylcarbamoyIamino)-4-chloro-3- 
10 (3-bromopropo3cy) isocoumarin with thiourea as described above (yidd 74%), m.p. 
IGS'lSff'C; mass spectrum (FAB+) m/e = 461 (M+-Br), Anal. Calc. for 
C2iH22N4O4CaBrS:0.75 THF: Q 48 36; H, 4.70; N, 9.40; Ci, 656. Found: C, 48,13; H, 4.87; 
N, 9.65; Ca, 6.15. 

EXAMPLE SHC4 

15 Preparationof7-(phenylacetylamino)-4-cUoro-3-(2-isothiureidoethQ}y)iso 

7-Amino-4-chIoro-3-(2-bromoetho:y) isocoumarin (0.15 g, 0.47 mmole) was first 
mixed with phenylacetyl chloride (0.09 g, 055 mmole) in 10 ml of THDF, triethylamine (0.05 
g, 0.47 mmole) was then added and the reaction mixture was stirred at r.t overnight After 
Et3NHa salt was removed by filtration, the product 7-(phenyIacetylamino)-4-diloro-3-(2- 

20 bromoethoxy) isocoumarin was crystallized from THF and Pet ether (yidd, 73%), m.p. 
165-169* C; mass spectrum; m/e = 436.7 (M+). The phenylacetyamino derivative (0.1 g) 
was heated with thiourea (0.02 g) to give the product 0.05 g O^idd, 40%), m.p. 115-120X; 
mass spectrum (FAB+) m/e = 432 (M+ -Br). AnaL Calc. for C2oH^304ClBrS 05 HjO: 
C 4559; H, 3.83; N, 8.05; a 6.80. Found: C, 46.09; H, 4.17; N, 8.02; CI, 6.79. 

25 EXAMPLE SHC5 

Preparation of 7-(R-a*methylbenzylcarbamoylamino)-4-chloro-3-(2- 

isothiureidoethoxy) isocoumann: 

7-(R-a-methylbenzylcarbamoykmino)-4-chloro-3-(2-bromoethQ]y) isocoumarin was 

synthesized in the same manner as described above, m.p. 183-185^ C; mass spectrum m/e 

30 s 464 (M+). This compound (0.1 g) reacted with thiourea (0.02 g) under the same 

condition described above to form thefinaiproduct 7-(R-a-methyIben2yIcarbamoylanuno)-4- 

chloro-3-(2-isothiureidoetho;y) isocoumarin (0.078 g). m.p. 143-150** C; mass spectrum 

(FAB+) m/e = 461 (M+ -Br). Anal. Calc. for C2iH22N4O4aBrS 05H2O: C, 45.75; H, 

4J5; N, 10.17; a 6.44. Found: C, 44.95; H, 431; N, 10.02; a 636. 
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EXAMPLE SHC6 

Preparation of 7-(D-phenylalanylainino)-4-chloro-3(2-isothiureidoethoxy) 
isocoumaiin: 

Boc-D-Phe (033 g, 12 mmole) reacted with W-diq^doheaylcarbodiiinide (0,13 g, 0.6 
5 mmole) in 10 ml THF at 0^*0 for 1 hour to form the symmetric anhydride, and then 
7-amino-4-chloro-3(2-bromoethox(r) isocoumarin (0.2g, 0.6 mmole) was added The reaction 
was stirred at r.t. ovemi^t and the precipitate 7-(Boc-D-Phe-amino)-4-chloro-3- 
(2-bromoethoxy) isocoumarin was formed (0.29 g, 71%). TLC one spot, m.p. 180-182*C; 
mass spectrum m/3 = 566(M+). AnaL Calc. for C25H25N205ClBn Q 53.07; H, 4,63; N, 
10 4.95; a 6.27. Found: Q 53.25: H, 4.66; 4.87; 0, 624. Boc-D-Phe compound (02 g, 0 J5 
mmole) was reacted with thiourea (0.027 g, 035 mmole) in the same manner to give 7-(Boc- 
D-phenylalanylamino)-4-chloro-3-(2-isothiureidoetho3cy) isocoumarin (0.14 g), yield 62%, 
mass spectrum (FAB+ ^In/e^^^M-*^). This cwiipound (0.1 ^was disso^ed in 3 ml 
of THF at 0*C and then the soh^ent was evaporated to diyness. Hie final product 
15 precipitated out after addition of ether, one spot on TLC (CH3CN:H20:AcOH « 8:1:1); mass 
spectrum (FAB+) m/e « 462 (M+ -Br -CF3OOO). 

7-Boo-alanylamino-4-chloro-3-(2-isothiureidoethoxy) isocoumarin, 7-benzoylamino- 
Ala-4-chloro-3(2-isothiureidoethoxy) isocoumarin, 7-benzoyIaniino-Phe-4-chloro-3-(2- 
isothiureidoethcxy) isocoumarin and 7-Boc-valylamino-4-chloro-3-(2-isothiureidoetho37) 
20 isocoumarin can be prepared by the same procedure. 

EXAMPLE SHC7 

Preparation of 7-(Boc-alanylalanylamino)-4-chloro-3-(2-isothiureidoethoxy) 
isocoumarin: 

7-(Boc-alanylalanyiamino)-4-diloro-3-(2-bromoethoxy) isocoumarin was synthesized 
25 in the same manner, m.p. 147-151*C; mass spectrum m/e = 561 (M*). Anal. Calc: C, 
47.12: H, 4.85. Found: Q 47.18; H, 4.87. Ihis compound (02 g) was reacted with thiourea 
(0.03 g) by the same procedure to form 7-(Boc-alanylalanylamino)-4-chloro-3-(2- 
isothiureidoethoxy) isocoumarin (0.04 g), mass spectrum m/e = 556 (M+ -Br). 

7-(AIanylalanylamino)-4-chloro-3(2-isothiureidoethoxy) isocoumarin was prepared 
30 by debloddng of Boc-Ala-Ala-NH-CiTEtOIC with trifluoroacetic acid, mass spectrum 
(FAB+) m/e « 456 (M+ -Br -CF^COO). 

EXAMPLE SHC8 

Preparation of 7-(phenyltWocarbamoylamino)-4-chloro-3-(2-isothiureidoethoxy) 
isocoumarin: 
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7-<PhenyIthiDcaitamcylainin^ isocoumarin was prepared 

from the reaction of phenyl isothiocyanate with 7-aniino-4-chIoro-3-(2-broniQetho^) 
isocoumarin, yield 59%, HLp. 157-158^C; mass spectrum m/e = 361 (M"^ -PhNH+1). AnaL 
Calc: C, 4836; H, 339. Found: Q 48.26; H, 3.40. The bromoetho^ compound was then 
5 reacted with thiourea by the same procedure to give the £nal product, yield 32%; mass 
spectrum (FAB+) m/e 449 (M* -Br). 

EXAMPLE SHC9 

Preparationof7-(m'<arboxyphenylthiocarbamoylamino)-4-chloro-3-(2-bromoe&^ 
isocoumarin was prepared from the reaction of m-carbo3^henyl isothiocyanate with 7- 
10 amino-4-chloro-3-(2-bromoethcny) isocoumarin, yield 64%, m.p. 157-158* C; mass spectrum 
m/e 361 (M+ -(COOH)PhNH+-Br). 

7-(3-Huorobenzoyl)amino-4-chloro-3-(2-isothiureidoethoxy) isocoumarin, 7-(3- 

nitrobenzoyl)amind-4-diloro-3-^^^ 

chIoro-3-(2-isothiureidoethoxy) isocoumarin, 7-diphenyIpropionylamino-4-chloro-3-(2- 
15 isothiureidoethoxy) isocoumarin, 7-(p-toluenesulfonyl) amino-4-chloro-3-(2- 
isothiureidoetho^sy) isocoumarin, and 7-(i)e4oluenesuifonyl) amino-4-diloro-3-(2- 
isothiureidoetho]^) isocoumarin can be prepared from the reaction of corresponding 7- 
substituted-4-chloro-3-(2-bromoethQxy) isocoiunarin with thiourea as described above. 7- 
substituted*4-chloro*3-(2-bromoetho3gr) isocoumarin can be synthesized by reacting 7-amino- 
20 4-chloro-3-(2-bromoetho?7) isocoumarin with appropriate acid chloride or sulfonyl chloride 

in the presence of Et3N. 

7-Etho3EycarbonyIamino-4-chloro-3-(2-isothiureidoethoxy) isocoumarin, 7- 
benzyloxycarbonyIamino-4-chloro*3-(2-isothiureidoethoxy) isocoumarin, and 7- 
pheno^caibonyIamino-4-chIoro-3-(2-isothiureidoetho}Q^) isocoumarin can beprepared from 

25 the reaction of 7-substituted-4-chloro-3-(2rbromoethoxy) isocoumarin with thiourea. 7- 
Etho3^carbonylamino4K:hloro-3-(2-bromoetho^)socoumarin7-ben^lo3gr^ 
chloro-3-(2-bromoetho3^) isocoumarin and 7-phena3ycarbonylamino«4-chloro-3-(2- 
bromoethosy) isocoumarin can be synthesized by reacting 7-amino-4-diloro-3-(2- 
bromoethoxy) isocoumarin with the corresponding chloroformate. 

30 C PEPTIDE KETO.CQMPOUNDS 

Peptide a-ketoesters, peptide a-ketoadds, and peptide a-ketoamides are transition 
state analog inhibitors for serine proteases and cysteine proteases. While these subclasses 
of compounds are chemically distinguishable, for simplicity, all of these compounds will be 
referred to collectively herein as the "Peptide Keto-Compounds". 
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The interactions of peptides with serine and cysteine proteases are designated herein 
using the nomenclature of Schechter. L, and Berger, A., 1967, Biochem. Biophys. Res. 
Commun. 27: 157*162 (incorporated herein by reference). The individual amino add 
residues of a substrate or inhibitor are designated PI, P2, eta and the corresponding 
5 subsites of the enryme are designated SI, S2, eta The sdssUe bond of the substrate is 
Pl-Pr* The primary recognition site of serine proteases is SI. The most important 
recognition subsites of cysteine proteases are SI and S2. 

Amino add residues and hloddng groups are designated using standard abbreviations 
[see J. BioL Chem. 260, 14-42 (1985) for nomenclature rules; incorporated herein by 
reference]. An amino add residue (AA) in a peptide or inhibitor structure refers to the 
part structure -NH-CHRl-CO-, where Rl is the side chain of the amino add AA A 
peptide a-ketoester residue would be designated -AA-CO-OR which represents the part 
structure -NH-CHRl-CO-CO-OR. Thus, the ethyl ketoester derived from benzoyl alanine 
would be designated Bz-Ala-CO-OEt which represents C6H5CO.NH-CHMe-CO-CO-OEt 
15 Likewise, peptide ketoadd residues residues wouU be designated -AA-CO-OH. Further, 
peptide ketoamide residues are designated -AA-CO-NH-R. Thus, the ethyl keto amide 
derived from Z-Leu-Phe-OH would be designated Z-Leu-Phe-CO-NH-Et which represents 
C6H5CH20CO-l«I-ai(CH2CHMe2)-CO.NH-CH(C^ 

Peptide a-ketoesters containing amino add residues with hydrophobic side chain at 
20 the PI site have also been found to be excellent inhibitors of several cysteine proteases 
induding papain, cathepsin B and calpain. 

Calpains can be inhibited by peptide inhibitors having several different active groups. 
Structure-activity relationships with the commercially available in vitro inhibitors of Calpain, 
such as peptide aldehydes, have revealed that Calpains strongly prefer Leu or Val in the P2 
25 position. These enzymes are inhfcited by inhibitors having a wide variety of amino adds 
in the Pi position, but are generally more effectively inhibited by inhibitors having amino 
adds with nonpolar or hydrophobic side chains in the PI position. TTius, we have discovered 
that another particular dass of compounds exhibiting Calpain inhibitoiy activity, when used 
in accordance with the present invention, are the Peptide Keto-Compounds. These are 
30 compounds of the general structure: 



M-(aa)„.C-Q.R 
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or a phaimaceudcally acceptable salt, wherein: 

M represents NH2-CO-, NH2-CS-, NH2-S02-, X-NH-CO-, X-NH-CS-, 
X-NH-S02-, X-CO-, X-CS-, X-S02-, X-0-CO-, or X-0-CS-, H, acetyl, carbobenzmgr, 
suodnyl, metfayloxysucciny], butyla^^carbonyl; 
5 X is selected from the group consisting of Cl-6 alkyl, Cl-6 fluoroallgi Cl-6 

allgrl substituted with J, Cl-6 fluoroallgrl substituted with J, 1-admantyI, 9-fluorenyl, 
phenyl, phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted 
with K, naphthyl, naphthyl substituted with K, naphthyl disubstituted with K, 
naphthji trisubstituted with K, Cl-6 alkyi with an attached phenyl group, Cl-6 alkyl 
10 wiA two attadied phenyl groups, Cl-6 allgrl with an attached phenyl group 

substituted with K, and Cl-6 all^l with two attached ph«iyl groups substituted with 

Jis~selected fromtfie pbup^ COOH, OH, CN, N02, 

NH2, Cl-6 alko:gr, Cl-6 allqrlamine, Cl-6 dialkylamine, Cl-6 aUqrl-O-CO-, Cl-6 
15 allgd-O-CO-NH^ and Cl-6 allcyl-S-; 

K is selected from the group consisting of halogen, Cl-6 allgrl, Cl-6 
perfluoroalkyl, 01-6 altaay, N02, CN, OH, C02H, amino, Cl-6 alkylamino, C2-12 
diallgilamino, C1-C6 acjd, and Cl-6 alkoxy-CO-, and Cl-6 allgd-S-; 

aa rqiresents a blocked or unblocked amino acid of the L or D 
20 configuration, preferably selected from the groiqi consisting of: alanine, valine, 

leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, gtycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, 
aspartic add, glutamic add, lysine, arginine, histidine, pheitylglydne, beta-alanine. 
nodeudne (nle), norvaline (nva), a^iha-aminobutyric add (abu), epsilon- 
25 aminocaproic add, dtrulline, hydroxyprdine, homoarginine, omitfiine or sarcosine; 

n is a number from 1 to 20; 
QisOorNH, 

R represOTts H; CW aJkyl, Cl-6 fluoroall^ Cl-6 diloroallgrl, benzyl, Cl-6 
alkyl substituted with phenyl, Cl-6 alkyl with an attached phenyl group substituted 

30 with K 

Thus, the Peptide Keto-Compounds can be divided into the Pqjtide Ketoesters, 
Peptide Ketoadds and Peptide Ketoamides. Each of the compounds can also be dassified 
based on the number of amino adds contained within the compound, sudi as an amino add 
peptide, dip^tide, trip^tide, tetrapeptide, pentapeptide and so on. 
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We have found certain subclasses of Peptide tt-Ketoester compounds to be 
particularly useful as Calpain Inhibitors when used in accordance with the present invention. 
These subclasses are referred to herein as the D:^eptide a-Ketoesters (Subdass J^), the 
Dipeptide a-Ketoesters (Subdass B), the Trqpq)tide a-Ketoesters (Subdass A), the 
5 Tnpeptide a-Ketoesters (Subclass B), the Tetrapq>tide a-Ketoesters and the Amino Add 
Peptide a-Ketoesters. All of these subclasses are considered to be to be within the dass of 
Pq)tide Keto-Compounds. 

The Dipeptide a-Ketoesters (Subdass A) are compounds of the formula: 
Mi-AAj-AAi-CO-O-Ri 
10 or a pharmaceutically acceptable salt, wherein 

Ml represents H, NHj-CX)-, NHj-CS-, NH2-SO2-. X-NH-CO, XjN-CO-, X-NH-CS-, 
XjN-CS-, X-NH-SO2-, X2N-SO2-, X-CO-. X-CS-, X-SO2-, X-O-CO-, or X-0-CS-; 

X is selected from the group consisting of C^.^q alkyl, C^.^q fluoroalkyl, C^.^q alkyl 
substituted with J, C^^^q fluoroallgrl substituted with J, 1-admantyI, 9-fluorenyl, phenyl, phenyl 
15 substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
^1-10 ^ attached phenyl group, C^.^q all^l with two attached phenyl groups, C^.^q 

alkyl with an attached phenyl group substituted with K, and C^.^q alkyl with two attached 
phenyl groups substituted with K, C^.^q allgd with an attadied phenoxy group, and Cj.jo allgi 
20 with an attached phenosy group substituted with K on the phenoxy group; 

J is sdected from the group consisting of halogen, CXDOH, OH, C3^, NO2, NH2, C^, 
10 alkoxy, q.^Q alkylamine, C2.12 dialkylamine, q.io alkyl-O-CO-, C^.^o aIkyl-0-CO-NH-, 
and Ci.iQ alkyl-S-; 

K is sdected from the group consisting of halogen, C^.^q alkjd, C^.^q perfluoroall^l, 
25 Ci.iQ alkray, NOj, CN, OH, COJH, amino, C^^^^ alkylamino, €^12 diallgdamino, C^-Cio acyl, 
and Ci.io alkoxy-CO-, and C^^^^q alkyl-S-; 

AAi is a side diaxn blocked or unblocked amino add with the L configuration, D 
configuration, or no chirality at the a-carbon sdected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
30 tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, 
alpha-aminobutyric add, epsilon-aminocaproic add, citruUme, hydro^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, 2-azetidinecarbo^lic add, pipecolinic 
add (2-piperidine carbojylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
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ethylc^steine, S-ben;^lcysteine» NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohesQrO-COOH, NH2-CH(CH2-GycIopentyI>COOH, }m2'CHiCS2'<ydoh\xtyiyCOaHy 
NH2-CS(CH2<ydopTopyiyCOOH, trifluoroleudne, and hexafiuoroleudne; ^ 
5 AA2 is a side dmin blocked or unblocked amino acid with the L configurationt D 

configuration^ or no chirality at the a-carbon selected from the group consisting of leucine^ 
isoleudne, proline, methionine, methionine sulfoxide, phenylalanine^ tiyptophan, glycine, 
s«±ie^ threonine, Q^steine, tyrosine, asparagine, glutamine, aspartic add, glutamic add, 
lysine, arginine, histidine^ phenylglycine, beta-alanine, norleudne, noivaline, alpha- 

10 aminobutyric add, epsilon-aminocaproic add, dtniliinei hydro^^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxyIic add, 2-azetidinecarboxylic add, pipecolinic 
acid (2-piperidine carboxylic add), O-metbylserine, O-ethylserine, S-methylcysteine, S- 
ethylcystein^ S-benzylcyste NH^^CH(CE^CHEi^-CX)OH, alpha^^amihoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 

15 cydoheiyl)<:OOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-COOH, 
NH2-CII(CH2<ydopropyl)-COOI^ trifluoroleucine, and hexafluoroleudne; 

is sdected from the group consisting of H, C^.20 C^,20 ^ phenyl 

group attached to the 0^.20 ^nd C2.20 ^'vith an attached phenyl group substituted 
withK 

20 The Dipeptide a-Ketoesters (Subclass B) are compounds of the structure: 

M1-AA-NH-CHR2-CO-CO-O-R 
or a pharmaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO., X-NH-CS-, 
X2N^, X-NH-SO2-, X2N-S02-, X-CO-, X-CS-, X-SOj-, X-O-CO-, or X-OCS-; 

25 X is sdected from the group consisting of C^.^q alkyl, €^.20 fliioroall^l, C^.^q allgd 

substituted with J, C^^^g fluoroall^l substituted with J, l-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with X, phenyl disubstituted with K, phenyl trisufastituted with K, naphthyl, 
naphthyl substituted with E, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
C^^lQ allgd with an attadied phenyl group, C^^^q siSkyl with two attached phenyl groups, C^.^q 

30 alkyl with an attached phenyl group substituted with K, and C^.^o attached 
phenyl groups substituted with K, C^.^q alkyl with an attadied pheno}^ group, and Cj^.j^q alkyl 
with an attadied phenoxy group substituted with X on the pheno^ group; 
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J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NE^ q. 
10 Ci.io alkylamine, C2.12 «iialkylamine, q.^ aUgrl-O-CO-, C^,^ alkyl-O-CO-JOI-, 

and q.jQ alkyl-S-; 

K is selected from the group consisting of halogen, allgrl, perQuoroallgrl, 
q.lO alkoxy, NOj, CN, OH, COjH, amino, q.jQ alkylamino, C^^ dialkylamino, q-Cio acyl, 
and q.io alkoxy-CO-, and q.^g alkyl-S-J 

AA is a side diain blocked or unblocked amino add with the L configuration, D 
configuration, or no chiraliQr at the a-carbon selected from the group consisting of aliening, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenylglydne, beta-alanine, noileudne, norvaline, 
alpha-aminobuQric add, epsilon-aminocaproic add, dtruUine, hydro^roline, ornithine, 
- homoarginine,-sarcosine,- mdoline-2=carboxylic-add,-2=azetidinecari)Qj^^ add, pipecolinic 
add (2-piperidine carbojgrlic add), O-methyUerine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzjdcysteine, NHj-CHCCHjCHE^-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2.2-napthyl).COOH, NHj-CHCCHj- 
(ydohexyl).COOH, NH2-CH(C2J2-cydopentyl)-COOH, JJHj-CHCCHj-cydobutyl^CXJOH, 
NH2-CH(CH2-<ydopropyl)-COOH, trifluoroleudne, and hexafluoroleudne; 

K2 represents q^ branched and unbrandied sUkyl, q^ branched and unbranched 
cyclized all^l, or q^ branched and unbranched fluoroallgd; 

R is sdected from the group consisting of H, q^ alkyl, q.20 all^l with a phenyl 
group attached to the q^ allgrl, and q.20 allgrl with an attached phenyl group substituted 
withK 

The Tripeptide o-Ketoesters (Subdass A) are compounds of the structure: 
M3-AA-AA-AA-CO^D-R 
or a pharmaceutically acceptable salt, wherein 

M3 represents H, NHj-CO-, NHj-CS-, NHa-SOj-. X-NH-CO-, X2N.CO-, X-NH-CS-, 
X2N.CS., X-NH-SO2-, X2N.SO2.. X-CO-, X-CS-, X-SOj-, T-O-CO-. or X-O-CS-; 

X is sdected from the group consisting of q.j^ allgrl, q.^, fluoroallgrl, q.^ alkyl 
substituted with J, q.jQ fluoroallqrl substituted with J, 1-adman^ 9-fluoraiyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl frisubstituted with K, naphthyl, 
naphthyl substituted with K, n^hthyi disubstituted with K, naphthyl trisubstituted with K, 
Ci-io an attached phenyl group, q.j^ alkyl with two attached phenyl groups, q.^, 

alkyl with an attached phenyl group substituted with K, and q.ip allsyl with two attached 
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phenyl groups substituted with K, C^.^q alkyl with an attached phenoxjr group, and C^.^q 
with an attached pheno^ group substituted with K on the phenoxjr group; 

T is selected from the group consisting of Cj^.^q alkjd, C^.^q fluoroalkyi, C^l.^q aUg* 
substituted with J, C^^^q fluoroalkyi substituted with J, 1-admantyI, 9-fluorenyJ, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
alkyi with an attached phenyl group, C^.^q all^l with two attached phenyl groups, C^.^q 
alkyl with an attached phenjl group substituted with K, and C^j^q sJkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, N02» MH2, C^. 
10 alkoxy, C^.^^^ alkylamine, €2^^ diall^lamine, C^^^q alkyl-O-CO-, Cj^q alkyl-O-CO-NH-, 
and C]^io all^l^Ss 

K is selected from the group consisting of halogen, C^.^q ^-10 perfluoroallgd, 
C^^iQ alkoxy, NOj, CN, OH, CO2H, amino, C^.^q allgdamino, C2.12 dialkylamino, C^'(\q acyl, 
and C^.^o alkoxy-CX)-, and C^.^q all^l-S-; 

AA. is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, 
alpha-aminobuQrric acid, epsilon-aminocaproic acid, citrulline, hydro^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, 2-azetidinecarboxylic add, pipecolinic 
add (2-piperidine carbojcylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CE^CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
<ydohexyl)-COOH, NH2-CH(CH2-cydopentyl).COOH, NH2-CH(CH2-<ydobutyl)-COOH, 
NE^*CB[(CH2*(7dopropyl)-COOH, trifluordeudne, and hexafluoroleudne; 

R is selected from the group consisting of H, C^20 ^-20 ^ phenyl 

group attached to the 0^.20 ^-20 ^ attached phenyl group substituted 

withK. 

The Tr^eptide a-Ketoesters (Subdass B) are compounds of the structure: 
M3-AA-AA-NH-CHR2-CX)-CO-0-R 
or a pharmaceutically acceptable salt, wherein 
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M3 represents H, NHi-CO-, NH^-CS-, NH2-SO2-, X-NH-CO-, X^N-CO-, X-NH-CS-, 
X2N.CS., X-NH-SO2-, X2N-SO2-, X-CX)., X-CS-, X.SO2-, T-O-CO-, or X-O-CS-; 

X is selected from the group consisting of C^.^q alkyl, C^.^q fluoroallcyl, C^.^q aSkyl 

substituted with J, C^.^o^^^^'^^^^^u^^^^^^^^^^' l^^dmantyl, 9-fluorenyI, phenyl, phenyl 
5 substituted with phenyl disubstituted with K» phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
0^.20 A^Kyl ^th an attached phenyl group, C^.^q alkyl with two attached phenyl groups, C^.^q 
allgrl with an attached phenyl group substituted with K, and C^.^q alkyl with two attached 
phenyl groups substituted with K, C^.^q alkyl with an attached phenoxy group, and C^.^g 
10 with an attached phenoxy group substituted with K on the pheno}^^ group; 

T is selected from the group consisting of C^.^q all^l, C^.^q fluoroalkyl, C^.^q alkyl 
substituted with J, C^^^^q fluoroalkyl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 

substituted-with-Ki -phenyl-disubstituted-with-Ki-phenyl-trisubstituted-with K, naphthyl, 

naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
PzpIO ^ attached phenyl group, C^.^q attached phenyl groups, C^.^q 

all^l with an attached phenyl group substituted with K, and C^.^o attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2» 
alkoxy, C^.j^q alkylamine, C^.^o dialkylamine, C^.^o alkyl-O-CO-, C^.^q alkyl-O-CO-NH-, 
20 and Cj.jQ alkyl-S-; 

K is selected from the group consisting of halogen, C^^^q aUgd, C^^io perfluoroall^l, 
q.iO alkoxy, NO2, CS, OH, CO^, amino, C^j^q alkylamino, C2.J2 dialkylamino, C^-C^o 
and C^.xo sJkaxy-CO-, and C^.^q alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
25 configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, glutamine, aspartic acid, 
glutamic add, fysine, arginine, histidine, phenylglycine,' beta^alanine, norleucine, norvaline, 
alpha-aminobuQnic acid, epsilon-aminocaproic add, dtruUine, hydros^roline, ornithine, 
30 homoarginine, sarcosine, indoline 2-carboxylic add, 2-azetidinecarboxyUc add, p^ecolinic 
add (2-piperidine carboxylic acid), 0-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-ben^lcysteine, NH2-CH(CH2CHEt2)-COOH, alpha*aminoheptanoic add, 
NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
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cydohaQrl).COOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(Caa2-cydobutyl)-COOH. 
NH2-CH(CH2-cycIopropyl)-COOH, trifluorodeudne, and hearafluoroleudne; 

represents C^^ brandied and unbrandied allyl, C^^ hrandied and unbrandied 
(^dized aUcyJ, or C^^ brandied and unbrandied fluoroa]^ 
5 R is sdected from the group consisting of H, C^,^ aSkyl, C^,^ alkji with a phenyl 

group attadied to the alkyl. and q.20 a&yl with an attadied phenyl group substituted 
withK 

The Tetrapeptide a-Ketoesters are compounds of the structure: 
M3-AA4-AA-AA-AA-CO-O.R 
10 or a pharmaceuticaUy acceptable salt, wherein 

M3 represents H, NHj-CO-, NH2-CS-. NHa^SOj-, X-NH-CO-, XjN-CO-, X-NH-^, 
X2N-CS-. X-NH-SO2-. X^-S02-. X-CO-. X>CS». X -SO2-, T-0-CO-, or X-0-CS-; 

X is sdected from the group consisting of q.^ aflgrl, q.jo fhioroaU^lTq^o 
substituted withJ,q.iofluoroalkyl substituted wilhJ,l-admaniyl,9-fluorenyl, phenyl, phenyl 

15 substituted widi K, phenyl disufastituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstiluted with K, naphthyl trisubstituted with K. 
q^io allgrl with an attached phenyl group, q.io allgrl with two attached phenyl groups, q.jo 
alkyl with an attached phenyl group substituted with K, and q.jo alkyl with two attached 
phenyl groups substituted with K, q.jo alkyl with an attached phenojgr group, and q.jo alkyl 

20 with an attached phenojgr group substituted with K on the phenoxy group; 

T is selected from the group consisting of q.jo alkyl. C^-io Auoroalkyl, q.jo alkyl 
substituted with J, q.^ofluoroallcyl substituted with J, l-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K. naphthyl disubstituted with K, naphthyl trisubstituted with K. 

25 C2.10 alkyl with an attached phenyl group, q.io alkyl with two attadied phenyl groups, q.^ 
alkyl with an attached phenyl group substituted with K, and q.^o alkyl with two attached 

phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, q. 
10 aOaay, q.io alkylamine, Cj.12 diallylamine, q.jo all^l-O-CO-, q.jo alkyl-0<xi>-NH-, 

30 and q.^o all^l-S-; 

K is sdected from the group consisting of halogen, q.jo alkyl, q.io peifluoroallgrl, 
q.io alkoiy, NOj. CN, OH, CO^ amino, q.^ alkylamino, q.12 diaUg-lamino, q-qo aqrl, 
and q.io alkoj^-CX)-. and q.jo alkyl-S-; 
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AA. is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected firom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, glutamine, aspartic acid, 
5 glutamic acid, fysine, argjnine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic add, citruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, Z-azetiduiecarboT^lic add, pipecolinic 
add (2-piperidine carboxylic add), O-methylserine, O-ethylserine, S-methykysteine, S- 
ethylcysteine, S-benqd<ysteine, NH2-CH(CH2C2JEt2)-COOH, alpha-aminoheptanoic add, 

10 NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 
cydohexyl)-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-COOH, 
NH2-CH(CH2-cydopropyl)-COOH, trifluoroleucine, and hexafluoroleudne;; 

AA4 is a side chain blodced or unblocked amino add with the L configuration, D 
configuration, or no chirali^ at the a-carbon sdected from the group consisting of leucine, 

IS isoleucine, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, serine, 
threonine, cysteine, ^osine, asparagine, glutamine, aspartic add, glutamic add, lysine, 
arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, alpha-aminobutyric 
add, epsilon-aminoc^roic add, dtruUine, hydroiiyproline, ornithine, homoarginine, 
sarcosine, indQline2-carboxylic add, 2-azetidinecarboxylic add, pipecolinic add (2-pq)erldine 

20 carboxylic add), O-methylserine, O-ethylserine, S-methylcysteine, S-ethylcysteine, S- 
benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoicadd, NH2-CH(CH2-1- 
napthyl)-COOH,NH2-CH(CH2-2-napthyl)-COOHjra2-CH(CH^ 
CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-COOH, NH2-CH(Cai2- 
cydopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

25 R is selected from the group consisting of H, C^^^ alkyl, C^.20 alHyl ^ phenyl 

group attached to the C^.20 ^-20 attached phenyl group substituted 

withK 

Hie Amino Add Peptide a-Ketoesters are compounds of the structure: 
M|.AA-CX)-0-R 
30 or a pharmaceutically acceptable salt, whorein 

Ml represents H, NH2-CO-, NH2-CS., NH2-SO2-, X-NH-CO-, X2N.CXD-, X-NH-CS-, 
X2N.CS-, X-NH-SO2-, X2N-SO2-, Y-CX)-, X-CS-, X-SO2-, X-0-CO-, or X-0-CS-; 

X is sdected from the group consisting of C^.^q allgd, C^^^q fluoroalkyl, C^.^q alkyl 
substituted with J, C^.^q fluoroallgrl substituted with J, 1-admantyl, 9-fiuorenyl, phenyl, phenyl 
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substituted with K, phenyl disubstituted with K, phenyl trisubstituted with £, naphthyl, 
naphthyl substituted with E, naphthyl disubstituted with K, naphthyl tiisubstitut d with 
Cj.io ^1 ^ attached phenyl group, C^.^q alkyl with two attached phenyl groups, C^.^q 
allcyl with an attached phenyl group substituted with K, and C^.^q all^l with two attached 
phenyl groups substituted withK, C^.^q ^Uq^I ^ attached phenoxy group, and C^.^q ^^9^ 
with an attached pheno3^ group substituted with £ on the ph&nascy group; 

Y is selected from the group consisting of C^.^^ alkyl, C^.^q Auoroalkyl, C^^q alkyl 
substituted with J, C^.^o Auoroallgrl substituted with J, 1-admantyl, 9-fIuorenyl, phenyl 
substituted with K, phenyl disubstituted with £, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci.io alkyl with an attached phenyl group, C^.^q allg^l with two attached phenyl groups, C^.^g 
allgd with an attached phenyl group substituted with K, and C^.^q all^l with two attached 
phei^l^oup~substituted with^^ 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NEl2» C^. 
10 alkogr, C^.^q alkylamine, C2.12 dialkylamine, q.^o alkyl-O-CO-, C^^io alkyl-O-CO-NH-, 
and C^.^o alkyl-S*; 

K is selected from the group consisting of halogen, C^.^q alkyl, C^.^q perfluoroalkyl, 
Ci.iQ alkoxy, NOj^ CN, OH, CO2H, amino, C^.^q allgdamino, C^-ii diallgdamino, C^-Cjo acyl, 
and C^.iQ alkoxy-CO-, and C^.^q allqrl-Ss 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glydne, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic acid, lysine, argjnine, histidine, phenyl^ycine, beta»alanine, norleucine, norvaline, 
alpha-aminobu^ic acid, epsilon-aminocaproic add, citniUine, hydro3cyproline, ornithine, 
homoarginine, sarcosine, indoUne 2-carboxylic add, 2-azetidinecarboxylic add, pipecolinic 
add (2-piperidine carbo^rlic add), 0-methylsmne, O-ethylsenne, S-methylc^steine, S- 
ethylcysteine, S-ben^lqrsteine, im2'CSiC3a2CSEt^'COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl).COOH, NHi-CHCGHj- 
cydohexyl>COOH, NH2-CH(CH2-cydopentyl>COOH, NH2-C2I(CH2-cydobutyl>COOH, 
Ml2-CH(CH2-<7dopropyl)-COOH, trifluoroleudne, and hexafluoroleudne; 

R is sdected from the group consisting of H, C^.20 ^1-20 ^ phenyl 

group attached to the 0^.20 ^-20 attached phenyl group substituted 

withK 
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The following Peptide Ketoester compounds are representative of the Peptide Keto- 
Compounds found to be usefiil as Calpain inhibitors within the context of the present 
invention: 

Bz-DL-Ala-COOEt 
5 BzpDL-Ala-COOBzl 

B^DL-Ala-CX>OnBu 
Bz-DL-Phe-COOEt 

Bz.DL-Ala-COOCH2-C^.CF3 (para) 

Bz-DL-Arg-COOEt 
10 Bz-PL-Lys-COOEt 

Z-Ala-DL-Ala-COOEt 

ZrAU-DL-Ala-COOBzl 

Z-Ala-DL-Ala-COOnBu 

MeO-Suc-Ala-DL-Ala-COOMe 
15 Z-Leu-Nva-COOEt 

Z-Leu-Me-COOEt 

Z-Leu-Phe-COOEt 

Z-Leu-Abu-COOEt 
2:-Leu-Met-CX>0Et 
20 Z-Phe-DL-Phe-COOEt 

H-Gfy-DL-Lys-COOEt 
H-Ala-DL-Lys-COOEt 
H-Pro-DL-Lys-COOEt 
H-Phe-DL-Lys-OOOEt 
25 Z-AIa-Ala-DL-Ala-COOEt 

Z-Ala-Pro-DL-Ala-COOEt 
Z-AIa-Ala-DL-Abu-COOEt 
Z-AIa-Ala-DL-Abu-COOBzl 
2:-Ala-Ala-DL-Abu-COOCH2-C^-CF3 (P^&) 
30 MeO-Suc-Val-Pro-DL-Phe-COOMe 

H-Leu-Ala-DL-Lys-COOEt 
Z-Ala-Ala-Ala-DL-Ala-CCX}Et 

MeO-SuoAla-AIa-Pro-DL-Abu-COOMe. 
Z-Leu-Phe<X>OEt 
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FhCO-Abu-COOEt 
(CH3)2CH(CH2)200-Abu-COOEt 

CH3CB2CH)2CHCX)-Abu-COOEt 

PhCayfiCO-Abu-COOEt 
5 2^Leu-4-CarFhe-CX}OEt 

Z-Leu-Leu-Abu-COO£t 

Z-Leu-Leu-Fhe-COOEt 

2-NapS02-Leu-Abu-COOEt 

2-NapS02-Leu-Leu-Abu-COOEt 
10 Z-Leu-NLeu-CO^ 

Z-Leu-Fhe-OO^u 

Z-Leu-Abu-C02Bu 

Z^Leiilphe-COjBzl 

Z-Leu-Abu-CO>^ 

15 We have found certain subclasses of Peptide Ketoadd Compounds to be particular^ 

useful when used in accordance with the present invention. These are subclasses are the 
Dipeptide a-Ketoadds (Subdass A), theDipeptide o-Ketoadds (SubdassB), theTiipeptide 
tf-Ketoadds, the Tetrapeptide a-Ketoadds and the Amino Add pq)tide a-Ketoadds. AU 
of these are considered to be within Ae dass of Pq)tide Keto-Compounds. 

20 The Dipq)tide a-Ketoadds (Subdass A) are compounds of the structure: 

Mi-AA-NH-CHRj-CO-CO-OH 

or a phamiaceutically acceptable salt, wherein 

MlrepresentsH,NH2-CO-,Na^.CS.,NH2-S02-,X-^ra-CO^X2N.CO.,X-lra-CS^ 

X2N-CS.. X.NH-SO2-, X2N.SO2-, X-CO-, X-CS-, X.SO2.. X-O-CO-. or X-0-CS-; 
25 X is sdected from the group consisting of C^io ^i-io ^^'oaSkyl, Ci.jo 

substituted with J. q.iofluoroall7lsubstituted with J, 1-admantyl, 9-fluorenyl, phenyl 

substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K. naphthyl trisubstituted with K. 
q.io all^l with an attadied phenyl group, q.io alkyl with two attached phenyl groi^is. C^io 
30 alkyl with an attadied phenyl group substituted with K, q.io alkyl with two attadied phenyl 
groups substituted with K, q.io all^l with an attached pheno^ group, and q.jo alkyi with 
an attadied pheno;^ group substituted with K on the pheno^ group; 
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J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NBj, Ci. 
10 alkcay, q.iQ alkylamine, C^jj dialkylamine, q.^Q alkyl-O-CO-, q.^o aUgrl-O-CO-NH-, 
and Cj.iQ allqrl-S-; 

K is selected from the group consisting of halogen, C^.^ all^l, C^.iq peifluoroallgrl, 
q.l J alkoxy, NOj, CS, OH, CXJjH, amino, all^Iamino, €3.12 diallylamino, q-q^ atyl, 
and alkfflgr-CX)-, and q.^, aD^l^S-; 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no chirality at the a^arbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, ghitamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenjdgtydne, beta-alanine, norkudne, norvaline, 
alpha-aminobutyric add, q)silon-aminocaproic add, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carbQxylic add, Z-azetidinecarbojgdic add, pipecohnic 
add (2.piperidine carboxylic add), O-methylserine, 0-ethylserine, S-methylcysteine, S- 
ethylcjrsteine, S-benzylcysteine, NHj-CHCCHjCHEtj^COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH^^CHCCHj-^napthyl^COOH, NHa-CHCCHj- 
{ydohexyl)-COOH, Ni^.CH(CH2-cydopentyl)-COOH, NHj-CHCCHj-cydobutyO-COOH, 
NH2-CH(CH2-cydopropyl).COOH, trifluoroleudne, and hexafluoroleudne; 

R2 rq)resents q^ branched and unbrandied allgrl, q^ branched and unbranched 
cydized alkyl, or q^ branched and unbrandied fluoroall^L 

The D4>eptide a-Ketoadds (Subdass B) are compounds of the structure: 
Mj-AAs-AAi-CXKOH 
or a pharmaceutically aocqptaUe salt, wherein 

Mj represents H, NBj-CO-, NHj-CS-, NHj^SOj-, X-NH-CO-, X2N-CO-, X-NH-CS-, 
XjN-CS-, X-NH-SO2-, X2N.SO2-, X-CO-, X-CS-, X.SO2-, XO-CO-. or X-O-CS-; 

X is selected from the group consisting of q^j^ alkyl, q.^, fluoroalkyl, q.^^ alkyl 
substituted with J, 0^,^^ fluoroallgrl substituted with J, l-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, nq»hthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
q.lo alkyl with an attached phrayl groi^j, q altyl with two attadied phenyl groups, q.^^ 
all^l with an attached phenyl group substituted with K, and q.^Q all^l with two attadied 
phenyl groups substituted with K, q.jg allgrl with an attached phenojQr group, and q.^, allg^l 
with an attadied pheno^ gFovp substituted with K on the phenra^ group; 
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J is selected from the group consisting of halogen^ COOH, OH, CN, NO2, NH2, C^. 
10 alkoxy, q.^ alkylamine, C^jj dialkylamine, q.^o all^l-O-CO-, q^o alkyl-O-CO-NH-, 
and q.io all^l-S-; 

K is selected from the group consisting of halogen, q.^o alkyi q.io perfluoroallgrl, * 
5 q.io alko^, NO2, CN, OH, COjH. amino, q.^o alkylamino, C2.12 dialkylamino, q-qo acyl, 

and q.io alkagr-CO-, and q.^o allgd-S-; ' 

AA^ is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, metfiionine, methionine sulfoxide, phenylalanine, 

10 tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, lysine, arginine, histidine, phenylglycine, beta-alanine, norleudne, norvaline, 
alpha-aminobutyric add, epsilon-aminocaproic add, dtruUine, hydro^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carbQxylic add, 2-azetidinecarboxylic add, pipecolinic 
add (2-p5)eridine carboxylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 

15 ethylcysteine, S-ben^lcysteine, NH2-CH(CH2CaEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl>COOH, NH2-CH(CH2-2.napthyl)-COOH, NHj-CHCCHi- 
cydohejiyl)-COOH, NH2-CH(CH2-<ydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-COOH, 
NH2-CH(C%cydopropyl)-CX)OH, trifluoroleudne, and hexafluoroleudne; 

AA2is a side diain blocked or unblocked amino add with the L configuration, D 

20 configuration, or no chirality at the a-caibon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glydne, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, fysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 
alpha-aminobutyric add, epsilon-aminocaproic add, dtrulline, hydroxyproline, ornithine, 

25 homoarginine, sarcosine, indoline 2-carbo3grlic add, 2-azetidinecarbo3Qrlic add, pipecolinic 
add (2-pq)eridine carboxylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcystdne, S-benzylcysteine, NH2-CH(CHl2CEIEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(Cai2-l-napthyI).COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohexyl)-COOH, NH2-CH(CH2-cydopentyl>COOH, l«l2-<3I(CH2-cydobutyl)-COOH, , 

30 NH2-CH(CH2-<ydopropyl)-COOH, trifluoroleudne, and hexafluoroleucine. 

The Tripeptide a-Ketoadds are compounds of the structure: ^ 
M^-AA-AA-AA-CO-OH 
or a pharmaceutically acceptable salt, wh^ein 
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Mj represents H. NHyCX)-, NB^-CS-, NHj-SOj-, X-NH-CO-, X^N-CO-, X-NH-CS-, 
XjN-CS., X-NH.SO2-, X2N-SO2-. X-CO-, X-CS-, X.SO2-, X-0-CO-, or X-O-CS-; 

X is selected from, the groi^ consisting of C^.^q allgrl, Cj.jj, fluoroalkjd, C^.^q sikyl 
substituted with J, Cj.jq fluoroalkyl substituted with J, 1-admantyJ, 9-fIuorenyl, pheirjrj, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyJ, 
naphtlqrl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci.io *n attached phenyl group, Cj.jo alkyl with two attached phenyl groups, C^^q 

all^I with an attached phenyl group substituted widi K, and C^.^ all^l with two attadied 
phenyl groups substituted with K, C^.^q aUg^l with an attached phenoxy group, and C^.^^ allg'l 
with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NHj, Cj. 
10 alkoxy, C^.j^ allgdamine, Cj-ia dialkylamine, C^.jq allqrl-O-CO-, C^.j^ allqrl^-CO-NH-, 

-and-C^-iO^^^^i 

K is selected from the group consisting of halogoi, C^.^g all^Ii Cj-io perfluoroallqrl, 
Clio alkoxy, NOj, CN, OH, COjH, amino, q.jo allgdamino, C2.12 diallgrlamino, q-qo acyl, 
and q.iQ alkoxjr-CO-, and q.^, alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no dhiraliQr at the a-caibon selected from the group consisting of alanine, 
valine, leucine, isdeudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, glutamine, aspartic add, 
^utamic acid, lysine, arginine, histidine, phenylgl^cine, beta-alanine, norleudne, noivaline, 
alpha-aminobutyric add, epsilon-aminocaproic add, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carlxnylic add, 2-azetidinecarba:7lic acid, pipecolinic 
add (2-piperidine carbmylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzykysteine, NHj-CHCC^CHEtjK^OH, alpha-ammohcptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl)-COOH, NHj-CHCCHj- 
cydohej^rl^COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-CX)OH, 
NH2-CH(CH2-<ydopropyl)-COOH, triQuoroleudne, and hexafluoroleudne. 
The Tetrapeptide a-Ketoadds are compounds of the struaure: 
Mi-AA-AA-AA-AA-CO-OH 
or a pharmaceutical^ accq)table salt, whordn 

Mj rq)resents H, NHj-CO-, NHj-CS-, NHj-SOj-, X-NH-CO-, XjN-CX)., X-NH-CS-, 
XjN-CS-, X-IOI-SO2-, XjN-SOj-, Y1-CO-, X-CS-, X-SOj-, X-0-CO-, or X-0-CS-; 
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X is selected from the group consisting of C^.^q allcyl, C^^^q fluoroalkyi, Cj^.j^g 
substituted iwith J, C^.^o^^^^^^^^"^^^^^^*'^' 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl tiisubstituted with naphthyX 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl tnsubstituted with K, 
Ci.io aUqi^th an attached phenyl group, C^.^o allgd with two attached phenyl groups, C^.^q 
allgd with an attadied phenyl group substituted with and C^j^q allgd with two attached 
phenyl groups substituted with K, C^.^q allgd with an attached phenoxy group, and C^.^g allgd 
with an attadied phenoj^ group substituted with K on the phenoxy group; 

Yi is selected from the group consisting of C^^q all^ C^.^, fluoroalkyl, C^.^o alkyl 
substituted with J, C^.^q fluoroallgrl substituted with J, l-adman1yl» 9-fluotenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl tiisubstituted with K, naphthyl 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl tiisubstituted with K, 
"C^^^all^l witff an attached phenyl group, C^.^q attadied phenyl groups, C^.^o 

all^l with an attadied phenyl group substituted with K, and C^.^g attadied 
phenyl groups substituted with K; 

J is sdected from the group consisting of halog^ COOH, CN, NO2, NB^, C^. 
10 alkoxy, q.^p aUylamine, C2.12 diallgrlamine, q.^g alkyl-O-CO, q.jQ allgd-O-CO-NH-, 
and q.^o alkyl-S-; 

K is selected from the group consisting of halogen, q.^g ^-10 perQuoroallcyl, 
q.i0 alkoxy, NOj, CN, OH, CO^ amino, q.jg allgrlamino, C^j2 dialkylamino* ^"^10 
and q.^o alkoxy-CO-, and q.^g ^^1*^-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no diirality at the a-carbon selected from the group consisting of alanine, 
vaUne, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, glutamine, aspartic add, 
glutamic acid, fysine, arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, 
alpha-aminobutyric add, epsilon-aminocaproic add, dtrulline, hydro^roluie, ornithine, 
homoarginine, sarcosine, indoline 2-caiboxylic add, 2-azetidinecarboxylic add, pipecolinic 
add (2-piperidine carboxylic add), Omethylserine, O-ethylsoine, S-methylcysteine, S- 
ethylcysteine, S-bemylcysteine, NEl2-CH(CZ^CHEt2)-COOB^ alpha-aminoheptanoic add, 
NH2-CH(CH2-l-iiapthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohexyl)-COOH, NH2-CH(CH2<ydopentyl)-COOH, NH2-C3I(C3l2-cydobutyl).COOH, 
KEl2-CII(CH2-cydopropyl)-COOH, trifluoroleudne, and hexafluoroleudne. 

The Amino Add Pqitide a-Ketoadds are compounds of the structure: 
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M^-AA-CO-OH 
or a phar m aceuticaliy acceptable salt, wherein 

Ml represents H, NHj-CO-, NHj-CS-, NHj-SOj-, X-NH-CX)-, X^-00-, X-NH-CS-, 
XgN-CS., X-NH-SO2-, XaN-SOj-, Y2-CO-, X-CS-, X^Oj-, X-CXX)-, or X-O-CS-; 

X is selected from the group consisting of C^^jq alkyJ, C^.^q flnoroallqrl, C^.j^ alkyl 
substituted with J, q.^, fluoroaftyl substituted with J, 1-admanty], !)-fluoreiqrl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenjd trisubstituted with K, naphthyJ, 
naphthji substituted wifli K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Cj.io alkyl with an attadied phenyl groi^, C^^^ alkyl with two attached phenyl groups, Cj.jo 
allgrl with an attadied phenyl group substituted with K, and C^.^, allgrl with two attached 
phenyl groups substituted with K, Cj.jq allgi with an attached phenojgr group, and C^.^ allgrl 
with an attadied phenoxy group substituted with K on the phenoj^ groiq>; 

Y2 is selected from the group consisting of C^.j^ alkyl, C^,^ fluoroallgd, Cj^j^ alkyl 
substituted with J, q.^^ fluoroallqi substituted with J, 1-admantyl, 9.fluorenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphdiyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Cj-io alio* with an attached phenyl group, C^^jf^ alkyl with two attached phenyl groups, C^^^q 
alkyl with an attadied phenyl group substituted with K, and C^.j^ allgrl with two attached 
phenyl groups substituted with K; 

J is sdected from the group consisting of halogen, COOH, OH, CN, NOj, N% Cj. 

10 alkoxy, q.io alkylamine, C^^ dialkylamine, q.io alkyl-O-CO-, q.io alkyl-O-CO-NH-, 
and q.io alkyl-S-; 

K is sdected from the group consisting of halogen, q.io alkyl, q.io perfluoroallgil, 
q.io alkoxy, NOj, CN, OH, COjH, amino, q.io alkylamino, C^.^ dialkjrlammo, q-qo acyJ, 
and q.io !^oxy-CX>-, and q.^ allqrl^; 

AA. is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no diirality at the «-caibon sdected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfcndde, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, aq)aragine, ^utamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenylglycine, beta-alanine, norleudne, norvaline, 
alpha-aminobutyric add, qisilon-aminoc^iroic add, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboflgflic add, 2-azetidinecarboatyIic add, p^iecolinic 
add (2-p4)eridine carboxylic add), O-methyJserine, O-ethylserine, S-methykystdne, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add. 
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NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexyl)-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2<H(CS2-cyclobut5d)-COOH, 
NH^'^d^l'^^^P^^Py^)'^^^^ trifiuoroleudne, and hexafluoroleudne. 

Hie following Fq)tide Ketoacid compounds are representative of the Peptide Keto* 
5 Compounds found to be useful as Cai^ain inhibitors within the context of the present 
invention: 

Bz-DI^Lys-COOH 
Bz-DI^Ala-COOH 
Z-Leu-Phe-COOH 
10 Z-Leu-Abu-COOH. 

The peptide a-ketoamides are transition state analogue inhibitors for cysteine 
proteases, such as Calpain. We have found that Peptide a-ketoamides containing amino 
add residues'\fith~h^lr^ side~diains at the Pj^sife are excdUent~inK3)itors of several 
cysteine proteases induding calpain I and calpain IL 
15 We have found five subclasses of the peptide ketoamides to be particularly effective 

in inhibiting Calpain. These subclasses are r^erred to herein as Dipeptide a*Ketoamides 
(Subdass A), Dipeptide a-Ketoamides (SubdassB), Tnpeptide a-Ketoamides, Tetrapeptide 
a-Ketoamides and Amino Add o-Ketoamides. All of these subdasses are considered herein 

■ 

to be within the class of Pq>tide Keto-Compounds. 

20 The Dipeptide a-Ketoamides (Subdass A) have the following structural formula: 

Mi-AA-Na-CHR2-CO-CO-NR3R4 
or a pharmaceutically acceptable salt, wherein 

Mi represents H. NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, X-NH-CS-, 
X2N.CS-, X-NH-S02-, X2N-SO2-, X-CO-, X-CS-, X-S02-, X-O-CO, or X-O-CS-; 

25 X is sdected from the group consisting of C^.^q ^MO Auoroalkyl, C^.^q 

substituted with J, C^.^Qfluoroalkyl substituted with J, l-admantyl» 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted widi K, naphthyl trisubstituted with K» 
^1-10 ^ attadied phenyl group, C^.^q alkyl with two attadied phenyl groups, C^^^^^q 

30 alk^l with an attached phenyl group substituted with K, C^.^q attadied phenyl 

groups substituted with C^^iq alkyl with an attached pheno?^ group, and C^.^g 
an attached phenoxy group substituted with K on the phenoxy group; 
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J is sdected from the group consisting of halogen, COOH, OH, CN, NOj, NHj, Cj. 
10 alkcsy, Ci.jQ aUqrlaniine, C2,j2 dialliylanune, C^.j^ aUqrl-O-CXD-, C^.^^ alkyl-0-CX)-NH-, 
and Cj.io allgrl-S-; 

K is selected from the group consisting of halogen, C^j^q allgrl, Q ,» perfluoroalkyl, 
Cj.io alkoxy, NOj, CN, OH, COjH, 
C^.io alkoxy-CO-, and C^.^q alkyl-S-; 

AA is a side chain blocked or unblocked amino acid mth the L configuration! D 
configuration, or no chirali^ at the a-caibon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, a^artic acid, 
glutamic add, lysine, arginine, histidine, phenylgl^cine, beta-alanine, norleudne, norvaline, 
a-aminobutyiic add, q}silon-aniinocaproic add, dtruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carbo)^lic acid, 2-azetidinecarbo3^1ic add, pipecdinic 
add (2-piperidine carboq^lic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CI^CHEt2)-COOH, ff -an^ 
CH(CH2-l-napthyl>COOH, NH2-CH(CH2-2-napthyl).COOH, NHj-CHCCHj-cydohexyl). 
COOH, NH2-CH(CH2-cydopentyl)-CX)OH, NH2-CH(CH2-cydobutyl)-COOH, NH2- 
CH(CH2-<7dopropyl)-'COOH, tnfluoroleudne, and hexafluoroleudne; 

S2 is sdected from the group consisting of C^^ branched and unbranched all^l, C^^ 
branched and unbranched cydized allgr], and C^^ branched and unbranched fluoroaUgrl; 

R3 and R4 are selected independent^ from the group consisting of H, C^-to 
C1.20 cydized alkyl, C^^jo with a phenyl group attached to the C^.jo C1.20 cydized 
alkyl with an attached phenyl group, C|.2o all^l with an attached phenyl group substituted 
with K, C^.2o allgd with an attached phenyl group disubstituted with K, 0^.20 ^^1 ^th an 
attached phenyl group trisubstituted with K, C^.20 cydized allgd with an attached phenyl 
group substituted with K, C^.^^ all^l with a morpholine [-N(CH2CH2)0] ring attadied 
through nitrogen to the alkyl, C^.^q alkyl with a piperidine ring attadied throu^ nitrogen 
to the allgrl, C^.^q all^l with a pyrrolidine ring attached through nitrogen to the alkyl, 0^.20 
allg^l with an OH group attadied to the BikyU -CH2CH2OCH2CH2OH, C^.^q ^ 
attached 4-pyridyl group, Cj^.^g with an attached 3-pyridyl group, C^.^q with an attached 2- 
pyridyl group, Cj.jq with an attached cydohea^rl group, -NH-CH2CH2-(4-hydroxyphenyl), and 
-NH-CH2CH2-(3.indQlyl). 

The Dipeptide a-Ketoamides (Subdass B) have the following structural formula: 
Mi-AA2-AAi-CO-NR3R4 
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or a phaimaceutically acceptable salt, wherein 

Ml represents NHj-CO-, NB^-CS-, NH^-SOj-, X-NH-CO-, X^-CO-, X-NH-CS-, 

XjN-CS-, X-NH-SO2-, X^N-SOj-, X-CO-, X-CS-, X-SO2-, X-0-CO-, or X-O-CS-; 

X is selected from the group consisting of C^.^g alkyl, C^.^d fiuoroallgd, Ci,iq alkyl 







1 


hi 



substituted with phenyl disubstituted with K, phe^iyl tzisubstituted with naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with £, naphthyl trisubstituted with K, 
Ci^iQ ^Skyl with an attached phenyl group, C^.^q attached phenyl groups, C^^q 

alkyl with an attached phenyl group substituted with K, C^.^q allcyl with two attached phenjfl 
10 groups substituted with K, Cj^^^o sSkyl with an attached phenoxy group, and C^.^ alkyl with 
an attached phenos^ group substituted with K on the phenoay group; 

J is selected firom the groiq> consisting of halogen, COOH, OH, CN, NO^^ ^1- 

and C;^.^o alk^l-S-; 

15 K is selected from the group consisting of halogen, C^.^q ^-10 peifluoroalkyl, 

C^.io alkoxy, NO2, CN, OH, COjH, amino, C^.^q allgdamino, Cj^^ dialkylamino, Ci-Cio 
and C^.^o dSkoxy-CO^, and C^^^q alkyl-S-; 

AA^ is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no cfairalily at the a-carbon selected firom the group consisting of alanine, 

20 valine, leucine isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglydne, beta-alanine, norleucine, norvaline, 
a-aminobutyzic acid, epsilon-aminocaproic add, citrulline, hydro)^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, 2*azetid[inecarboxylic add, pipecolinic 

25 add (2-p^eridine carboxylic add), O-metfaylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine,S-ben2yl(ysteine,NH2<H(CS2CHE^^ a-aminoheptanoicadd,NH2- 
CH(CH2-l-napthyl)-CX)Oa NE32-CH(CH2-2.napthyl>CDOH, mL2<^(CB2<ydohexyiy 
COOH, NH2-CH(CH2-cydopentyl>COOH, NH2-CH(CH2-cydobulyl)-COOH, NH2- 
CH(CH2-cydopropyl)-COOH, tnfluoroleudne, and hexafluoroleucine; 

30 AA2 is a side chain Uodced or unblocked amino add with the L configuration, D 

configuration, or no chirality at the a-carbon selected from the grotq) consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, glutamine, aspartic acid, 
glutamic add, fysine, arginine, histidine, phenylglydne, beta-alanine, norleucine, norvaline. 




" PCr/US91/09786 

-43- 

o-aminobulyric acid, epsflon-aminocaproic add, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, Jndoline 2-caib(Hylic add, 2-azetidinecarbo3cyiic add, pipecolinic 
add (2-piperidine caibcaylic add), O-methyJserine, O-ethylserine, S-methykysteine, S- 
ethylcystMne,S.benzyl£ystdne,NH2.CH(CH2aiEt2)-COOH,o.ami^ 
CH(CH2-l-napthyl).000H, NH2-CH(CH2-2-napthyI).COOH, NH2-Cai(CH2-cydohexyl). 
COOH, NH2-Cai(CH2-<ydopenlyl)-COOH, NH2-CH(C3aj.cydobutyl)-COOH, NHj- 
C3i(CH2-cydopropyl)-COOH, trifluoroleudne, and hexafluoroleudne; 

R3 and R4 are sdected indq)radentiy from the group consisting of H, C, «, allgrl, 
C1.20 cydized allqrl, C^^^ allgrl with a phenyl group attadied to the C1.20 alkyl, C^j^q qrdized 
alkyl with an attached phenyl group, q.20 with an attached phenyl group substituted 
with K, C1.20 alkyl with an attached phenyl group disubstituted with K, C1.2Q allyl with an 
attached phenyl group trisubstituted with K, cydized allgrl with an attached phenyl 
---group-substituted with-I^Gj-jo-allgrl with a-morphoIine I=N^ axtadiied 
through nitrogen to the alky], alkyl with a pqieridine ring attached through nitrogen 
to the alky], q.^^ aflgi with a pyrrolidine ring attached through nitrogen to the allgrl, C-.-- 
alkyl with an OH group attached to the all^l, -CHjCHaOCHaCHjOH, q.io with an 
attached 4-pyridyI group, q.j(, with an attached 3-pyrid!yi group, q.j^ with an attached 2- 
pyridyl group, q.jo with an attadied cydohejyl group, -NH-CH2CH2-(4-hydrmgiph«iyl), and 
-NH-CH2CH2-(3-indofyl). 

The Tiq)eptide a-Ketoamides have the following struoural formula: 
M1-AA-AA-AA-CO-NR3R4 
or a pharmaceutically acceptable salt, wherein 

Mj represents H. NH2-CO-» NHj-CS-, NH2-SO2-, X-NH-CO-, X^N-CO-, X-NH-CS-, 
X2N-CS-, X-NH-SO2-, X2N-SO2-, X-CO-, X-CS-, X-SO2-, X-O-CO-, or X-O-CS-; 

X is sdected from the group consisting of 0^,^^ allgrl, q.^, fluoroallgrl, q.io all^l 
substituted with J, q.iofluoroalkyl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphth}i substituted with K, naphtlqrl disubstituted with K, naphthyl trisubstituted with K. 
^1-10 ^1 an attached pheiqi group, q.j^ alkyl with two attadied phenyl groups, q.jQ 
alkyl with an attadied phenyl group substituted with K, q.jQ allgd with two attached phenyl 
groups substituted with X, q.jp alkyl with an attadied pheno^ group, and q.^, alkyl with 
an attadied phenoxy group substituted with K on the pheno^ group; 
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J is selected from the group consisting of halogen, COOH, OH, CN, N02* C^. 
10 alkoxy, q.^o alkylamine, €2^^ dialkylamine, q.^o allgd-O-CO-, q.^o aUgrl-O-CO-NH-, 
and q^20 ^U^l^Ss 

K is selected from the group consisting of halogen, q.^o allgi q.^g peifhioroalkyl, 
q.iQ alkoay, NOj^ C2^, OH, CO^ amino, q.^) allgrlamino, q^^ diaUgdamino, q-q© acyl. 
and q.^o alkoQQr-CO-, and q^Q all^l-S-; 

AA is a side diain falodced or unblocked amino acid with the L configuration, D 
configuration, or no chiraUtjr at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic acid, tysine, arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, 
a-aminobutyric add, epsilon-aminocaproic add, dtruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoUne 2-carbo37lic add, 2-azetidinecarbo3gdic add, pipecolinic 
add (2-p4)eridine carbo^grlic add), O-mediylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine,S-ben2ylcysteine,NH2<H(CB^CHEt2)-COOH, a-aminohq)tanoicadd,NIIj- 
CH(C2l2-l-napthyl).COOH, NH2-C3I(CH2-2.napthyl)-COOH, NH2-CH(CH2-cydoheyl)- 
COOH, NH2-CH(CaEl2-cydopentyl)-COOH, NH2-CH(CH2-<ydobutyl)-COOH, NH2- 
CH(CH2<yclopropyl)-COOH, trifluoroleucine, and hexafiuoroleucdne; 

R3 and R4 are sdected independently from the group consisting of H, q.20 alkyl, 
q.2o cydized alkyl, q.20 alkyl with a phenyl group attached to the q.20 all^ q.2D cydized 
alkyl with an attached phenyl group, q.20 alkyl with an attadied phenjd group substituted 
with K, q.20 aligd with an attadied phenyl group disubstituted with K, q.20 alkyl with an 
attached phenyl group tnsubstituted with K, q.20 cydized all^l with an attached phenyl 
group substituted with K, q.^o ^ morpholine ['^(CS^CS^O] ring attadied 

tiiTough nitrogen to the alkyl, q.^o allgd with a piperidine ring attached through nitrogen 
to ihe alkyl, q.^o ^ pyrrolidine ring attached through nitrogen to the alkyl, q.20 

alkyl with an OH group attadied to the allgd, -CH2CH20<^^0% ^-lO ^ 
attached 4-pyridyl group, q.^j, with an attadied 3-pyridyl group, q.^o ^ attadied 2- 
pyridyl group, q.^g widi an attached cydohegd group, -NH-CK3>CH2-(4-hydroxyphenyl), and 
-NH.CH2CH2-(3-indotyl). 

Hie Tetrapq)tide a-Ketoamides have the following structural formula: 
Mi-AA-AA-AA-AA.CX)-NR3R4 
or a phannaceutically accqitable salt, wherem 
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Ml represents H, NH2-CO., NH2-CS-, NH2-SO2-, X-NH-CO-, XjN-CO-, X-NH-CS-. 
X2N.CS-, X.NH-SO2-, X2N^02-, X-CO., X-CS-, X^02-, X-O-CO-, or X-O-CS-; 

X is selected from the group consisting of C^.^^o all^l, C^.^q fluoroallgd, C^.^q alkyl 
substituted with J, C^.^q fluoroall^l substituted with J, 1-admantyl, 9-iluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with naphthyl disubstituted with K, naphthyl trisubstituted with K» 
C^.io ^IKyl with an attached phenyl group, C^^^q aSsyl with two attached phenyl groups, C^.^q 
alkyl with an attached phenyl group substituted with K, C^.^o with two attadied phenyl 
groups substituted with K, C^.^q all^l with an attached phenoxy group, and C^.^g all^l with 
an attached phenos^ group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Cx. 
10 alkoxy, C^.^q alkylamine, C2^^ diall^lamine, Cj^^o alkyl-O-CO-, C^^q alkyl-O-CO-NH-, 
" Md q:^Q"all^^ — 

K is selected from the group consisting of halogen, C^.^g alkyl, C^.^q perfluoroallQd, 
q.^O alko^QT, NO2, CN, OH, CO2H, amino, C^.^o alkylamino, C2.12 dialkylamino, Cj^-C^o 
and C^.^o aikosgr-CX)-, and Cj^^^q aUcyl-S-; 

AA is a side chain Uodced or imblocked amino acid with the L configuration, D 
configuration, or no chirality at the cc«carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, glycine, serine, threonine, (^teine, tyrosine, aq}aragine, ghitamine, aspartic add, 
glutamic acid, lysine, arginine, histidine, phenylglydne, beta-alanine, norleucine, non^aline, 
a-aminobutyric acid, epsilon-aminocaproic acid, dtruUine, hydros^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, 2-azetidinecarboxylic add, pipecolinic 
add (2*piperidine carboxylic add), O-methyls^ine, O-ethylsenne, S-methylcysteine, S- 
ethylcysteine, S-ben^lcysteine, NH2-CH(CH2CHEt2)*CX>OH, a-aminohq)tanoic add, NH2- 
CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2^napthyl).COOH, NH2-CH(CH2-cydohexyl). 
COOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cycIobutyl).COOH, NH2- 
CH(CH2-cydopropyl)-COOH, trifluoroleucine, and hexafluordeudne; 

R3 and R4 are sdected independent^ from the group consisting of H, €^.20 ^U^I* 
€2^20 cycUzed all^l, C2.20 alkyl with a phenyl group attadied to the C^^20 ^.20 cyclized 
alkyl with an attadied phenyl group, 0^.20 nlkyl with an attadied phenyl group substituted 
with K, C^.20 an attached phenyl group.disubstituted with K, 0^.20 ^ 

attached phenyl group trisubstituted with K, 0^.20 ^7^1^^ aU^l with an attadied phenyl 
group substituted with K, C^.^q all^l with a moipholine [-N(CH2CH2)0] ring attached 
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through nitrogen to the alkyl, C^.^q alkyl with a pipeddine zing attached through nitrogen 
to the alkyl, C^^^q all^l with a pyrrolidine ring attached through nitrogen to the alkyl, 
allgrl with an OH group attached to the alkyl, -CH2CH20CH2CH20£t Cj^^q ^ 
attached 4-pyiidyl group, C^.^q ^ attadied 3-pyiid)d group, C^.^g with an attached 2- 
pyridyl group, C^.^q with an attached cydohexylgroup^ •NHrCH2CH2*(4-hydro]Qphenyl), and 
-NH-CH2CE]2-(3-indolyl). 

The Amino Acid a*Ketoamides have the following structural formula: 
M^-AA*CONR3R4 
or a pharmaceutical^ accq>tahle salt, wherein 

Mi represents H, NHj-CO-, NH2-CS-, NHj-SOj-, X-NH-CO-, X2N-CO., X-NH-CS-, 
XjN-CS-, X-NH-SO2-, XjN^02-, X-CO-, X-CS-, X-SOj-, X-O-CO-, or X-O-CS-; 

Xis selected from the group consisting of C^^q ^-10 Auoroallgrl, C^.^q alkyl 
substituted with J, C^.^q Auoroalkyl substituted with J, 1-admantyl, 9-fhiorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
C^.^o ^ attached phenyl group, C^^.^ alkyl with two attached phenyl groups, C^^q 

alkyl with an attached phenyl group substituted with K, C^.^q attached phenyl 

groups substituted with K, C^.^q alk^l with an attached phenoxy group, and C^.^q alkyl with 
an attached phoio^Q^ group substituted with K on the phenoxy group; 

J is selected from the grovp consisting of halogen, COOH, OH, CN, N02^ NH2' 
10 alkoxy, q.^o allgdamine, Cjril dialfcjrlamine, C^,^ alkyl-O-CO-, C^.^q alkyl-O-CO-NH-, 
and 0^,20 

K is selected from the group consisting of halogra, C^.^q alkyl, C^^^q peifluoroalkyl, 
Cj^^jQ alko^, NO2, CN, OH, CO^ amino, C^.^q allgrlamino, C2.12 dialM^nuno* ^'^0 
and C^.^o alkoxy-CO-, and C^.^q al^^l^S-; 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucme, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, glutamine, asparticadd, 
glutamic add, fysine, arginine, histidine, phenylgl^cine, beta-alanine» norleudne, norvaline, 
a*aminobutyric add, q)silon**aminocaproic add, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2*carbaxj/lic add, l-azetidinecarbca^lic add, pq)ecolinic 
add (2-piperidine carboj^lic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH((3l2CHEt2)-C00H^ 
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C2I(C3l2-l.napthyl)<:OOH, NH2-CH(CH2-2-napthyI>COOH, NH2-CH(CH2<yclohe3^1)- 
COOH, NH2-CH(CH2-cydopentyl).OOOH, NH2-CH(CH2<ydobutyl)-COOH, NH2- 
CH(CH2-cyclopropyI)-COOH, trifluoroieudne, and hexafluoroleudne; 

R3 and R4 are selected independent^ from die group consisting of H, C^-io 
5 C1.20 cydized alkyl, Cj^jo ^ « ph«iyl group attached to the €^.20 cydized 
alfcjrl with an attadied phenyl group, allgrl with an attached phenyl group substituted 
with K, C^^20 ^1 ^ attached phenyl group disubstituted with K, alkyl with an 
attached phenyl group trisubstituted with K, C^^jo cydized allgrl with an attached phenyl 
group substituted with K, q.^o alkyl with a morpholine I-N(CH2CH2)0] ring attached 

10 through nitrogen to the alkyl, C^.^q alkyl with a piperidine ring attached through nitrogen 
to the alkyl, C^.^q allqrl with a pyrrolidine ring attached through nitrogen to the allgrl, C^^jo 
alkyl with an OH group attached to the alkyl, -CH2CH20C3I2CH20H, q.^g with an 
attached 4-pyridyl group, C^.^q with an attached 3-pyridyl group, C^^^D with an attached 2- 
pyridyl group, C^.^q^* ^ attached (ydoheyl group, -NH-CH2CH2-(4-hydro3Qphenyl), and 

15 -NH.Cai2CH2-(3-indolyl). 

The Applicants are aware of onty a single pq)tide ketoamide reported in the 
literature. Tliis compound is Z-Phe-NHCSIjCO-CO-NH-Et (Z-Phe-Gly-CXJ-NH-Et). The 
compound is rq)orted in Hu and Abdes \Arch. Biodvem. Biqphys.. 281, 271-274 (1990)1 ^ 
be an inhibitor of papain and cathepsin B. 

20 Hie following Fqptide Ketoamide compounds are representative of the Peptide 

Keto-Compounds found to be useful as Calpain inhibitors within the context of the present 
invention: 

Z-Leu-Phe-CONH-Et 
2i-Leu-Phe-C0NH-nPr 
25 ZrLeu-Phe-CONH-nBu 

Z-Leu-Fhe-CONH-iBu 
Z-Leu-Phe-CX)NH-Bzl 

Z-Leu-Phe-CX)NH-(CH2)2Ph 
Z-Leu-Abu-CONH-Et 
30 Z-Leu-Abu-CONH-nFr 

Z-Leu-Abu-COI^-nBu 
Z-Leu-Abu-CONH-iBu 
Z-Leu-Abu-CONH-Bzl 
Z-Leu-Abu-C0NH-(a^)2Ph 
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Z-Leu-Abu-CONH-(CH2)3-N(CH2Ca2)20 
Z-Leu-Abu-CONH*(CE^7CH3 

Z-Leu-Abu-CONH-(CH2)20H 
Z-Leu-Abu-CONH-(CH2)20(CH2)20H 

5 Z-Lea-Abu-CONH-(CH2)i7CH3 

Z-Leu-Abu.CONH.CH2-C5H3(OCH3)2 

Z-Leu-Abu-CONH-CH2-C4H4N 

We studied the inhibition mechanisin of the Peptide Keto-Compounds in both serine 

and thiol proteases. A crystal structure of one a-ketoester bound into the active site of the 

10 serine protease, pordne pancreatic dastase, has been completed The active site Ser-19S 

oxygen of the enzyme adds to the carbonyl group of the ketoester to form a tetrahedral 

intermediate which is stabilized by interactions with the ogranion hole. This structure 

resembles the tetrahedral intermediate^i^lved in peptide b^^ proves that 

a*ketoesters are transition-state analogs. His-S7 is hydrogen bonded to the carbonyl group 

IS of the ester functional group, the pqitide backbone on a section of the polypeptide 

baddxsne hydrogen bonds to the inhibitor to form a fi-sheet» and the benzyl est^ is directed 

toward the S' subsites. Hie side chain of the Fl amino acid residue is located in the SI 

pocket of the enzyme. Interactions with ketoamides would be similar except that th^e is 

the possibility of forming an additional hydrogen bond with the NH group of the ketoamide 

20 functional group. 

In the case of ketoadds, th^e would be no R group to interact with the S' subsites. 
Therefore, these inhibitors would be expected to be slightly less potent than the ketoesters 
and ketoamides. However, unexpectedly, certain ketoacid compounds have been found to 
have surprisingly high activity when used in the context of the present invention. In 

25 particular, Z-Leu-Phe-COOH and Z-Leu-Abu-COOH have been found to be extremely 
potent inhibitors of Calpains. 

The active site of (^steine proteases shares several features in conunon with serine 
proteases including an active site histidine residue. In place of the Ser-195, cysteine 
proteases have an active site cysteine residue which would add to the ketonic carbonyl group 

30 of the peptide ketoacids, ketoestersi or ketoamides to form an adduct very similar to the 
structure described above except with a cysteine residue replacing the serine-195 residue. 
Additional interactions would occur between the extended substrate binding site of the 
cysteine protease and the inhibitor that would increase the binding afEini^ and specificity 
of the inhibitors. 
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The Peptide Keto-Compounds hind to the proteases inhibited thereby using many 
of the interactions that are found in complexes of a particular individual enzyme with its 
substrates. In order to design an inhibitor for a particular cysteine protease, it is necessary 
to: 1) find the amino add sequences of good peptide substrates for that en^e, and 2) 
5 place those or similar amino add sequaices into a Peptide Keto-Compound. This design 
strategy witt also work when other dasses of peptide inhibitors are used in place of the 
peptide substrate to gain information on the appropriate sequence to place in the Peptide 
Keto-Cdmpound inhibitor. Thus, we are able to predict the structure of new inhibitors for 
other proteases based on knowledge of their substrate q>edficities. Once a good inhibitor 
10 structure for a particular enzyme is found, it is then possible to change other characteristics 
such as solubility or hydrophobidty by adding substituents to the M or R groups. 

In the case of Calpain, a known inhibitor sequence is the peptide aldehyde, 

^Ac-l£u-I*u-Me-H-(also known as Galpain-InhiHtor-1 and htfeinafter as "Ql"). 

This inhibitor, in addition to a related peptide aldehyde inhibitor Ac-Leu-Leu-Nme-H (also 

15 known as Calpain Inhibitor H) are commercially available from Calbiochem of La Jolla, 
California. We have discovered that pq)tide a -ketoesters with aromatic amino add residues 
in PI are good inhibitors of the thiol proteases, cathq>sin B, papain and Calpain. 
Additionally, we have discovered that peptide o-ketoester and peptide a-ketoamides with 
either aromatk amino add residues or small hydrophobic aUgrl amino add residues at PI 

20 are good inhibitors of Ca^ain. 

Our discovoy of Pq)tide Keto-Compounds effective as Calpain Lih&itors was made 
through assay of the Peptide Keto-Compounds as reversible inhibitors. Various 
concentrations of inhibitors in dimeth3dsulfoxide (DMSO) were added to the assay mixture, 
which contained buffer and substrate. Ihe reaction was started by the addition of the 
enqmie and the hydrolysis rates were followed spectrophotometrically or fluorimetricalty. 
88 mM KH2PO4, 12 mM Na2HP04, 133 mM EDTA, 2.7 mM cysteine, pH 6.0 was used as 
a buffer for cathepsin B; and 20 mM Hepes, 10 mM Cadg, 10 mM B-mercaptoethanol, pH 
72 buffer was utilized for calpain I and calpain XL 

All peptide thioester hydrolysis rates were measured with assay mixtures containing 
30 4,4'-dithiodipyridine [e324 = 19800 M-lcm-1; Grasetti & Murray, Ardi. Biodiem. Biophys. 
119, pp 41-49 (1967)]. Papain was assayed with Bz-Arg-AMC or Bz-Arg-NA [Kanaoka et 
aL, Chem. Pharm. Bull 25, 3126-3128 (1977)], and the AMC (7.ainino4.methylcoumarin) 
rdease was followed fluorimetricalfy (exdtation at 380 nm, and ^nission at 460 nm). 
Cathepsin B was assayed with Z-Arg-Arg-AFC {Barrett and Kirsdike, Methods EnzymoL 



25 
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SO, 535-561 (1981)], and the AFC (7-am]no-4-trifluoromethylcoumarin) release was followed 
fluoiimetrically (excitation at 400 nm, and emission at 505 nm). Ca^ain I from human 
eiythrocytes and calpain n from rabbit were assayed using Suc-Leu-iyr-AMC [Sasaki et aL» 
J. BioL Chem. 259» 12489-12494 (1984), hereby incorporated by reference], and the AMC " 
5 (7-amino-4-methylcoumarin)rdeasewasfoUowedfluorimetricalfy(e»dtationat380 and 
emission at 460 nm). Ens^atic hydrolysis rates were measured at various substrate and 
inhibitor concentrations, and values wctc detennined by Dixon plot 

Table FKCl shows the inhibition constants (I^ for papain, cathepsin B, calpain ^ 
and calpain IL 

10 The inhibition constants for papain shown in Table FKCl were measured in 0.05 M 

Tris-HO, pH 75 buffer, containing 2mM EDTA, 5mM cysteine (freshty prq)ared), 1% 
DMSO, at 25''C; using N^-Benzoyl-Arg-AMC as a substrate, except that those values of 
inhibition constants for papain marked with an "e" in Table FKCl were measured in 50 mM 
Tris-HO, pH 73 buffer, containing 20 mM EDTA, 5 mM cysteine, 9% DMSO, at 25*C, 

15 using N'-Benzqyl-Arg-NA. as a substrate. 
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Compounds 



Z-Leu-Abu-(;XX>Et 

Z-Leu-Phe-COOEt 

Z-Leu-Nle-CX)OEt 

2S-Leu-Nva-COOEt 

Bz-DL.Phe-CCX)Et 
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TABLE FKCl 

Ihhibirion of Cysteine Prnteapy ]iy 

Peptide Ketoesters and yetn^^^^-^l^ 

Kj(iiiM) 



Z-Phe-DL-Phe-CCXJEt 

Z-Fhe-DL-Ak-COOEt 

Z-AIa-Ala-DL-Ala-COOEt 

Z-Ala-Ala-DL-Abu-COOEt 

Z-Ala-Ala-DL-Abu-COOBzl 

Z-Ala-Ala-DL-Nva-COOEt 

Z-Ak-Pro-DL-AIa-COOEt 

MeO-Suc-Val-Pro-DL-Phe-COOMe 



2-Ala-Ala-Ala-DL-Ala-COOEt 
MeO-Suc-Ala-Ala-Pro-Abu-COOMe 



CB' 



500' 



30 
64 



1.8 

3.6 

L5 

0.9 

30 

30 

26 

1.1 

2.9* 

2.1 

0.7 



0.1 

32 

22 

10 

60 

0.1 

66 

0.1 



10.0 



6.0 



o!o4 

023 
0.12 



200 
50 



100 



oJ 

0.4 

0.18 

1.2 



200 



25 



a 



P-Papain 
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It can be seen bom the data in Table FKCl that the dipeptide ketoesters with Abu, 
Fhe, or Nle in the PI site and Leu in the £2 site are potent inhibitors of calpain I and 
ca^ain IL Tr^)eptides with Abu or Ala in the PI site and Ala in the P2 site are also seen 
to be inhibitors of Calpain, albeit somewhat weaker inhibitors than the dq)epti^ Hius, ' 

5 in accordance with the foregoing desaq)tion of the design of Fq)tide Keto-Compound 
inhibitors, we believe that Pq)tide Keto-Compounds based on these and similar structures 

will eidiibit Ca^ain inhibitory activitjr. 

The peptide a-ketoesters are prepared by a two step Dakin-West procedure. Tliis 
procedure can be utilized with either amino add derivatives, dipeptide derivatives, tripeptide 
10 derivatives, or tetrapeptide derivatives as shown in the following scheme: 

O 

II 

M.(AA)a-OH ->_Enol Este 
The precursor peptide ((AA) J can be prepared using standard peptide chemistiy 

15 procedures, including those that are well described in publications such as The Peptides, 
Analysis, Synthesis, Biology, Vol. 1-9, published in 1979-1987 by Academic Press ("The 
Peptides") and Houben-Weyl Methoden der Organischen Chmiie, VoL 15, Farts 1 and 2, 
Syndiese von Peptiden, published by Georg Thieme Verla^ Stuttgart in 1974 ("Houben- 
Weyl") (both references hereby incozporated herein by reference). 

20 The M group can be introduced using a number of different reaction sdiemes. For 

example, it could be introduced direct^ on an amino add as shown in the following scheme: 

H-(AA)^-OH -> M-(AA)^-OH. 
Alternative^, the M group can be introduced fay reaction with an amino add ester, followed 
by removal of the ester group to give the same product, as shown in the following scheme: 

25 .H.(AA)„-OR' M-(AA)a-OR* -> M.(AA)„-OH. 

These and other techniques for introduction of the M group are well documented 
in the The Peptides, Houben-Weyl, and many other textbooks on organic synthesis. For 
example reaction with cyanate or p-nitrophmyl cyanate would introduce a carbamyl group 
(M » l^CO-). Reaction with p-nitrophenyl thiocarbamate would introduce a thio 

30 carbamyl group (M = NH2CS-). Reaction with NH2S402a would introduce Ae NH2SO2- 
group. Reaction with a substituted all^l or aiyl isoqranate would introduce the X-NH-CO- 
group where X is a substituted aUtyl or aryl groi^. Reaction with a substituted alkyl or aiyl ' 
isothiocyanate would introduce the X-NH-CS- group wher X is a substituted allc^l or aiyl 
group. Reaction with X-S02-a would introduce the X-SO2- group. Reaction with a 
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substituted alkyl or aiyl add chloride would introduce an acyl group (M = Y-CO-). For 
example, reaction with MeO-CO-CHjCHj-CO-a would give the YCO- group when Y is 
a C2 alkyl substituted with a CI aUgd^OO- group. Reaction with a substituted alkyl or aryl 
thioadd chloride would introduce a thioacyl group (M = Y-CS-). Reaction with an a 
5 substituted alkyl or aiyl sulfoi^l chloride would introduce an X-S02. group. For example 
reaction witii dansyl cWoride would give the X^02. derivative where X was a napthyl group 
monosubstituted with a dimethylamino group. Reaction with a substituted all^l or aiyl 
chlorof oimate would introduce a X-O-CO- group. Reaction with a substituted alkyl or aiyl 
dilorothiofonnate would introduce a X-O^S-. There are many alternate reaction sdiemes 
which could be used to introduce all of the above M groups to give either M-AA-OH or 
M-AA-OR*. The M-AA-OH derivatives could then be used directly in the Dakin-West 
reaction or could be converted into the dipeptides, tripeptides, and tetrapeptides 
M-AA-AA-OH, M-AA-AA^-OH, or M-AA-AA-AA-AA-OH which could be be used in 
the Dakin-West reaction. The substituted peptides M-AA-AA-OH, M-AA-AA-AA-OH, or 
M-AA-AA-AA-AA-OH could also be prepared directly from H-AA-AA-OH, 
H-AA-AA-AA-OH, or H-AA-AA-AA-AA-OH using the reactions described above for 
introduction of the M group. Alternately, the M group could be introduced by reaction with 
carbag^l blocked peptides M-AA-AA-OR', M-AA-AA-AA-OR', or M-AA-AA-AA-AA-OR', 
followed by the removal of the blocking group R'. 

The R group in the ketoester structures is introduced during the Dakin-West 
reartion by reaction with an ozalyl diloride Q-CO-CO-O-R. For example, reaction of 
M-AA-AA-OH with ethyl oxalyl diloride Q-CO-CO-O-Et gives the keto ester 
M-AA-AA-CO-O-Et Reaction of M-AA-AA-AA-AA-OH with Q-CO-CO-O-Bzl would give 
the ketoester M-AA-AA-AA-AA-CO-O-BzL Qearty a wide variety of R groups can be 
introduced into the ketoester structure by reaction with various alkyl or aiylalkyl oxalyl 
chlorides (Q-CO-CO-O-R). 

Tlie oxafyl chlorides are easily prqjared by reaction of an alkyl or aiylallgrl alcohol 
with oxalyl chloride Q-CO-CO-a For example, Bzl-O-CO-CO-Q and n-Bu-O-CO-CO-Q 
are prepued by reaction of benzyl alcohol and butanol, respectivdy, with oxalyl chloride in 
yields of 50% and 80% [Warren, C. B, and Malee, E. J, J. Chmmatograpf^ 64, 219-222 
(1972); incoiporated herein fay reference]. 

Ketoadds M-AA-CO-OH, M-AA-AA-CO-OH, M-AA-AA-AA-CO-OH, 
M-AA-AA-AA-AA-CO-OH, are general^ prepared from die corresponding ketoesters 
M-AA-CO-OR, M-AA-AA-CO-OR, M-AA-AA-AA-CO-OR, M-AA-AA-AA-AA-CO-OR 
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by alkaline hydrofysis. In some cases, it may be necessaiy to use other methods such as 
hydrogenofysis of a benzyl group (R = Bd) or add deavage (R = t-butyl) to obtain the 
ketoadd. Ihe alternate methods would be used when the M group was labile to alkaline 
hydrolysis. 

5 The various peptide ketoamide subclasses (M-AA*MH-CHR2-CO-CO-NR3R4 

(Dipq)tide Ketoamides (Subdass A)), M-AA-AA*CO-NR3R4 (Dipeptide Ketoamides 
(SubdassB)),MrAA-AA-AA-C»-^NR3R4(Tripe^ 

NR3R4 (tetrapq)tide ketoamides) and M1-AA-CO-NR3R4 (Amino Add Ketoamides)) were 
prepared indirect^ firom the corresponding ketoesteira. Ihe ketone carbonyl group was first 
10 protected as shown in the following sdieme and then the ketoamide was prepared by 
reaction with an amine H-NR3R4- The illustrated procedure should also work with otha: 
protecting groups. 



15 




I H-NR3R4 



20 




25 In addition to the scheme outlined above, a ketoadd could be used as a precursor 

to produce a corresponding ketoamide. Blocking the ketone carbonyl group of the ketoadd 
and then coupling with an amine H-NR3R4 using standard peptide coupling reag^ts would 
yield an intermediate which could then be deblocked to form the ketoamide. 

General Sptthetic Methods for Peptide Kjsto-Con^unds 

30 Unless otherwise noted, materials were obtained from commercial suppliers and 

used without further purification. Melting points were taken with a BQdii capillaiy 
apparatus and are uncorrected. NMR spectra were determinied on a Varian Gemini 300. 
Chemical shifts are eiqpressed in ppm (ft) relative to internal tetramethylsilane. Flash 
column chromatography was performed with Univ^sal Sdentific Ih& silica gd 0-63. 
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Electron-impact mass spectra (MS) of novel compounds were determined with a Vaiian 

MAT 112S spectrometo:. Ihe puri^ of all compounds was diecked fay thin> layer 

chromatography on Baker Si250F silica gel plates using the following sohrent system: A, 

Caa^iMeOR " 20:1 v/v; B, CHOjiMeOH - 100;1 v/v; Q AcOEt; D, CHCIjrMeOH - 

5 10:1 v/v; E, n-BuOH:AcOHa>y:H20 - 4:1:1:2 v/v, F, CHCl3:MeOH - 5:1 v/v, G, 

AcOEt:MeOH - 10:1 v/v; H, (i.Pr)20; I, CHCl3:MeOH:AcOH « 80:10:5 v/v, J, 

CHa3:MeOH;AcOH - 95:5:3 v/v, K, AcOEt:AcOH " 200:1 v/v, L, CHa^; M, 
CHa3:MeOH = 50:1 v/v 

Amino add methyl ester hydrochlorides were prepared according to M. Broma et 
10 allHdv. Chent Acta 33, 568 (1950); 36, 1109 (1953)] in a scale over 10 mmd or according 
to Rachele [7. Org. Chenu 28, 2898 (1963)] in a scale 61 0.1-1.0 mmoL 



Yield (%) mpCC) m.p. (litCTature) 

~D]>Nva=OCH3HCr~I00 ^113^116 116^117 

L-De-OCHjHCl, 98 90-91 98-100 

15 L-Phe-OCHjHCa, 98 159-161 158-160 

DL-Abu-OCHj-HCS, 100 148-150 150-151 

L-Leu-OCHjHG 100 145J-146J 147 

DL-Nle-OCHj-Ha 93 120-121 122^123 

4-a-Phe-OCH3Ha 98 184-185 (decomp.) 185-186 



N-Acylamino adds was synthesized via Schotten-Baumann reaction [M. Bergmann, 
L. Zervas, Otem. Bar. 65, 1192 (1932)] in the case vHven the atyl group was phenylsulphonyl, 
2- naphthylsulphonyl or bmzoyL 
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Yield (%) mpCq 


J.JJU (Kp eiuent^ 


2-NapS02-L-Leu-OH 


49 


115-116 


0^81 


2-NapS02-DL-Abu-OH 


51 


150-151 


05Q1 


2-NapS02-L-Fhe-OH 


57 


148-148^ 


0.48K 


PheS02-DI/-Abu-0H 


44 


142-143 


031K 


PhCO-DI/-Abu-OH 


64 


14M42 


0.64K 



N-Aqdamino acids with 4-methylpentanoic; 2*(1- propyl)pentanoic and 
7«^pheiiylheptanoic group was synthesized in a two step synthesis. Ihe N-acylamino add 
methyl ester was obtained first and then was hydrolysed to the free N-acylamino add. 
10 N'A<ylantino Acid Methyl Estm(G€nen^ Toadiilled (10**C) shuiyof 

the appropriate amino add methyl ester hydrodiioride (20 imnol) in 100 ml benzene was 
added slowfy (temp. 10-15 ""C) 40 mmol triethylamine or N- methylmorpholine and then the 



reaction mixture was stirred for 30 minutes at this temperature. Then 18 mmol of 
appropriate acid chloride (temp. 10-15 *C) was added slowly to the reaction miicture and 

15 the reaction mixture was stirred overnight at room temperature. The predpiatated 
hydrochloride was filtered, washed on a funnel with 2 x 20 ml benzene, and the collected 
filtrate was washed successively with 2 x 50 ml 1 M HC1» 2 x 50 ml 5% NaHCOj, 1 x 100 ml 
H20, 2 X 50 ml satd. NaQ and dried over MgS04. After evaporation of the solvent in vacuo 
(rotavaporator), the residue was cbedced for puriQr (TLC) and used for the next step 

20 (hydrolysis). 

Yield (%) mp CC) 
(CH3)2C3I(CH2)2CO-DL-Abu-OCH3 80 oil 

(C3l3Ca2CH2)2CHCX)-DL-Abu-OCH3 96 117-118 

Ph(CH2)6CaDL-Abu-OCH^ 72 oil 

25 Hydrofysis (General Procedure). To a solution of 10 mmole of the appropriate 

N*acylamino add methyl ester in 100 ml of methanol was added in one portion 11.25 ml of 
1 M NaOH (11.25 mmol) and the reaction mixture was stirred three hours at room 
temperature. Then the reaction mixture was cooled to 0 (ice- salt bath) and acidified 
to pH » 2 with 1 M HQ aq. To this reaction mixture was added 100 ml ethyl acetate, 

30 transferred to a separatory funnel and organic layer sqjarated. The water layer was 
saturated with solid NaQ or Q^iR^^O^ and reextracted with 2 x 50 ml AcOEt The 
collected organic layer was washed with 2 x 50 ml H2O, decolorized with carbon, and dried 
over MgS04. After evaporation of the solvent in vacuo (rotavaporator), the residue was 
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checked for purity (TLC) and in the case of contamination was aystallized from an 
appropriate sohrent 

Yield (%) mp CC) 
(CH3)2CH(CH2)2CO.DI^Abu-OH 92 110^112 

5 (0130^012)2 CHCO-DL-Abu-OH 99 126-127 (n^ctane) 

PKOyfiCO-DL-Abu^^H 89 110-112 (n-octane) 

N-Acyld^jqjtide methyl esters were synthesized via the HOBt-DOC method in a 
DMF solution [KBnig and Geiger, Chenu Ben 103, 788 (1970)]. 

Yield (%) mp ("C) TLC (% eluent) 
10 Z-Leu-DL.NVa.OCH3 80 112.113 037 B 

2>^Leu.LpPhe-OCH3 83 86-87 0.85 A 

039 B 

2:;-LeU'L-Ile'OCH3 97 oil 0.79 A 

0.43 B 

15 Z-Leu-DL-Abu-OCH3 99 86-88 033 B 

026H 

Z-Leu-LrLeu-OCHj 80 91-92 0.79 G 

Z-Leu-DL-NLeu-OCHg 97 IIMILS 
Z-Leu-4-a-Phe-OCH3 ^ 112-132 0,77 J 

20 (Uquid crystal?) 0.68 K 

2-NapS02-Leu-DLAbu-OCH3 

99 oil 0.59 A 

2-NapS02-Leu-L-LeU'OCH3 

90 97-985 0.63 A 

25 N-Aqiidipeptides were obtained by hydrolysis of the appropriate methyl esters via 

a goieral hydrolysis procedure. In the case of N-suIphonyldipeptide methyl esters, 1 
equwalent of the methyl ester was hydrolyzed with 2.25 equivalent of 1 molar NaOH 
because of form a sulfonamide sodium salt 
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Yield (%) mpi'C) TLC(%eluent) 
Z-Leu-DL-NVaOH 100 117-118^ 0.11 A 

Z-Leu-L-Phe-OH 92 105-1063 QJ2SC 

035 G 

5 Z-Leu-L-ILe-OH 79 77-79 0:22 A 

032 C 

Z-Leu-DI^Abu-OH 99 glass 0.61 G 

Z-Leu-L-Len-OH 97 glass 0361 

ZpLeu-DI/-l^u-OH 98 95-96 

10 Z-Leu-4-a-Fhe-OH 87 104-114 0.48 K 

(liquid aystal?) 

2-NapS02-Leu-DL-Abu-OH 

97.4 180-195 (decomp) 038 1 

2-NapS02-Leu-I/-Leu-OH 
15 94.0 68-70 0321 

N-Acytripeptide methyl esters were synthesized via HOBt- DCC method in DMF 
solution (Kfinig and Geiger, Chem. Ber. 103, 788 (1970)]. 

Yield (%) mpCP) TLC (Rf^ duent) 
Z-Leu-Leu-Abu-OCH3 87 140-1413 030 A 

20 Z-Leu-Leu-Phe-0CH3 76 " 158-159 0.83 J 

2-NapS02-Leu-Leu-Abu-OCH3 

97 >200 032 A 

N-Acyltripq>tide were obtained through hydrofysis of the appropriate methyl esters 
via general hydrolysis procedure. In the case of N-sulphonyltrq>q)tide methyl ester, 1 
25 <;quivalent of methyl ester was hydrolyzed with 225 equivalent of 1 molar NaOH to form 
the sulfonamide sodium salt 

Yield mp ("Q TLC (Rp ehient) 

Z-Leu-Leu-Abu-OH 97 gflass 0.691 

Z-Leu-Leu-Phe-OH 98 glass 0.44 K 

30 2-NapS02-Leu-Leu-Abu-OH 

85 193-195 033 1 

(decomp.) j 

The following examples. Examples FEC1-PKC65, are gben to illustrate the synthesis 
35 of Peptide Keto-Compounds: 
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EXAMPLE PKCl 

Z-Ala-DL-AIa-COOEt This compound was synthesized by a modified Dakin-West 
procedure [Caiarles et aL, J. Chem. Soa Perkin 1, 1139-1146, (1980)]. To a stirred solution 
of Z-AIa-Ala-OH (880 mg, 3 mmole), 4-dimethylaminopyridine (15 mg, 031 mmole), and 
5 pyridine (0.8 mL, 10 nunole) in tetrahydrofuran (3 mL) was added ethyl oxalyl chloride (OJ 
mL, 6 mmole) at a rate sufGcient to initiate refluxing. The mixture was gentfy refluxed for 
35 h. The mixture was treated with water (3 mL) and stirred vigorously at room 
temperature for 30 min. The mixture was extracted with ethyl acetate. The organic extracts 
were dried and evaporated to obtain the residue (1.45 g). The residue was 
chromatographed on silica gel and eluted with CH2CI2 to give the enol ester product, oil 
(500 mg, 37%); single spot on tic, « 0.67 (CHa3:MeOH « 9:1); MS, m/e - 451 
(M*+l). To a stirred suspension of the enol ester (210 mg, 0.47 nraiol) in anhydrous 
ethanol (1 mL) at room temperature was added dropwise a solution of sodium ethoxide in 
ethanol until a clear yellow solution resulted. The ethanol was then removed and the 
15 residue was treated with ether. The ether solution was washed with water, dried, and 
evaporated to give a residue. This residue was chromatographed on a silica gel and the 
product was eluted with methylene chloride. The solvent was removed, and the peptide 
ketoester Z-Ala-DL^Ala-C02Et was obtained as an semi-solid (150 mg, 92 %); single spot 
on tic, 058 (CHa^McOH « 5:1); MS, m/e « 351 (M++1). AnaL Calcd. for 
Ci7H220^N2 1/3 H2O: C, 5729; H, 6.22; N, 7.86. Found: C, 57.23; H, 636; N, 8.17. 

EXAMPLE PKC2 

Z-AIa-Ala-DL-Ala-COjEt This compound was prepared from Z-Ala-Ala-Ala-OH 
using the same procedure as described in Example PKCl. The product was ocystallized 
from ethyl ether in 23% yield; single spot on tk^ ■ 031 (Caa^iMeOK « 9:1); mp 
143-144 *^C; MS, m/e « 421 (M+). AnaL Cakd. for C2QH27O7N3: C, 56.99; H, 6.46; N, 
9.97. Found: C, 56.96; H, 6.49; N, 9.91 

EXAMPLE PKC3 

Z-Ala-Ala-DL-Abu-COjEt This compound was prepared from 2>Ala-Ala*DL* 
Abu-OH in 11% yield by the procedure descdbed in Example PKCl; single spot on tic, 
30 « 0.60 (CHa3:MeOH = 9:1); mp 111-113 •Q MS, m/e « 436 (M+ + 1). Anal. 

Calcd. for C21H29O7N3 I/3 HjO: C, 57.13; H, 6.75; N. 951. Found: C, 5738; H, 6.82; 
N, 9.62. 



20 
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EXAMPLE FKC4 

Z-AIa-Ala-DI/-Nva-C02EL This compound was prqiared from Z-Ala-Nva-OH in 
20% yield fay the procedure described in Example PKCl; single on tic, Rf^ = 0.64 
(CHQatMeOH » 5:1); MS, m/e « 450 (M++ 1). AnaL Calcd. for C22H31O7N3H2O: Q 
5 5651; H, 7.11; N, 8.99. Found: C, 56.42; H, 7.08; N, 9.06. 

EKAMPIE PKC5 * 
ZrAIa-Fio-DL-Ala-COjEt This compound was prqmred from ZrAla-Pro-Ala- 
OH-di(ycbhe3cylamine in 19% yield by the procedure described in Example PKCl; single 
spot on tki Rf=^ - 055 (C3ia3:MeOH - 9:1); MS, m/e - 447 (M+). AnaL Calcd. for 
10 H2O: Q 57.88; H, 6.62; N, 921. Found: Q 57.65; H, 6.68; N, 9.17. 

EXAMPLE PKC6 

Z-AIa-AIa-Ala-DL-AIa-COjEt The compound was prepared from Z-Ala-Ala-Ala- 
Ala-OHin 7% yield ly diTprooedure dwafl^ single q)Ot on tic, Rf 

=0.40 (CHa3:MeOH = 9:1); mp. 163-165 MS, m/e = 493 (M++1). AnaL Calcd. 
15 for C23H32O8N4 I/2 H20: Q 55.08; H, 6.63; N, 1L17. Found: C, 54.85; H, 653; N, 
1L14. 

EXAMPLE PKC7 

Bz-DL-Phe-COjEt. This compound was prq)ared from Br-Phe-OH in 36% yield 
by the procedure described in Example PKCl, oiL single spot on dc, = 0.61 
20 (CHa3:MeOH = 9:1); MS, m/e = 325 (M+). AnaL Calcd. for C19H19O4N I/3 HjO: C, 
68.86; H, 5.98; N, 422. Found: C, 69.10; H, 6.09; N, 438. 

EXAMPLE PKC8 

MeO-Snc-AIa-DL-AIa-COjNfe. This confound was prepared from MeO-Suc-AIa- 
Ala-OH in 22% yield by the same procedure as described in Exan^le PKCl, exxspt that 
25 sodium methoxide in methanol was used for end ester hydrotysis, single spot on tic, Rf 
- 0.43 (CHa3:MeOH = 9:1); MS, m/e = 317 (M+ + 1). AnaL Calcd. for 
Cy^O-fH^ l/l HjO: C, 48.44; H, 6.46; N, 8.69. Found: Q 4856; H, 6J9; N. 8.69. 
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EXAMPLE PKC9 

MeO-SuG-AIa-Ala-Pro-DL^bu-COjMe. TTiis compound was prepared from 
MeO-SucAIa-Ala-Pro-DL-Abu-OH in 22% yield by the procedure descnlsed in Example 
PKC8; foam, single spot on tic, • 0.66 (CHd^MeOH » 5:1). AnaL Calcd. for 
5 C22H34O9N4 H2O: Q 5133; H, 7.02; N, 10.85. Found: C 51.11; H, 7.03; N, 10.88. 

EXAMPLE PKCIO 

MeO-Suc-Val-Pro-DL-Phe-COjMe. This compound was prepared from MeO- 
Suc-Val-Pto-Phe-OH in 42% yield by the same procedure as described in Example 
PKC8; foam, single spot on tic, OSJ (CHC^:MeOH - 9:1); MS, m/e - 517 (M+). 
10 AnaL Calcd. for C2^3s0^l^^-2/3 H^O: C, 58.96; H, 6.90; N, 7.93. Found: Q 58.92; H, 
6.96; N, 7.89. 

EXAMPLE PKCU 

Bz-DL-Ala-CQj^a-Bu. This compound was prepared-from-Bz-Ala-OH in 45% 
yield by the procedure described in Example PKCl, except thatw-butyl oxalylchloride 
15 was used for the Dakin-West reaction and sodium n-butoxide in n-butanol was used for 
enol ester hydrofyais; colorless oil, single spot on tic, R/* • 0.72 (CHa3:MeOH = 9:1); 
MS, m/e - 277 (M+). 

EXAMPLE PKCU 

Bz-DL-AIa-COjBzL This compound was prepared from Bz-Ala-OH in 26% yield 
20 by the procedure described in Example PKCl, except that ben^l oxalyl chloride was 

used in place of ethyl oxayl chloride and sodium benzyloxide in benzyl alcohol was used 
for enol ester hydrolysis; single spot on tic, R^^ -0.69 (CHO^MeOH = 9:1); mp 95-97 
•Q MS, m/e - 312 (M++1). AnaL Calcd. for C18H17O4N.I/2 H20: Q 67.48; H. 5.66; 
N, 437. Found: Q 67.78; H, 5.55; N, 4.66. 

25 EXAMPLE PKC13 

Z-Ala-DL-AIa-C02-a-Bu. This compound was prepared from Z-Ala-Ala-OH in 
14% yield by the procedure described in Example PKCl, except that n-butyl oxalyl 
diloride was used in the Dakin-West reaction and sodium n-butoxide was used for enol 
ester hydrolysis; oil, single spot on tic; R/ » 0.45 (CHCl3:MeOH « 9:1); MS» m/e « 
378 (M+). AnaL CakxL for C^^26^^2l/^ H^O: C, 5935; H, 7.00; N, 7.29. Found: C, 
59.41; H, 7.03; N, 7.10. 

EXAMPLE PKC14 

Z-Ala-DL-Ala-CO^BzL This compound was prepared from 2>Ala-Ala-OH in 
36% yield by the procedure described in Example PKCl, except that benzyl oxalyl 
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cfaloride was used in the Dakin-West reaction and sodium benzylomde in benzyl alcohol 
was used for enol ester hydrolysis; single spot on tic, R/ = 0.55 {CELCX;M. OH = 9:1); 
MS, m/e = 413 (M++1). AnaL Calcd. for C^^O^^. C, 64.06; H, 5.87; N, 6.79. 

Found: C, 63.79; H, 5.95; N, 6.72. 
5 EXAMPLE FKC15 

Z-Ala-Ala-DL-Abu-COjBzL This compound was prepared from Z-Ala-Ala-Abu- 
OH in 31% yidd by the procedure described in Example EKCl, except that benzyl oxalyl 
chloride was used in the Dakin-West reaction and sodmm benzyloxide in benzyl alcohol 
was used for enol ester hydrotysis; single qiot on tic, » 0.40 (CHa3:MeOH = 9:1); 
10 mp 124-125 •Q MS, m/e = 498 (M+ + 1). AnaL Calcd. for C^^jPtS^I/Z H^O: C, 
61.28; H, 639; N, 8.24. Found: C, 61.14; H, 6.65; N, 7.94. 

EXAMPLE PKC16 

Bz-DL-Ala-COOH. The hydrolysis procedure of Tsushima et aL p. Org. Chem. 
49, 1163-1169 (1984)] was used. Bz-DL-Ala-COjEt (540 mg, 2.2 mmol) was added to a 

15 sohition of 650 mg of sodium bicarbonate in an aqueous 50% 2-propanol solution (7.5 
mL of HjO and 2-propanQl) and stirred at 40 under nitrogen. After adding ethyl 
acetate and a saline sohition to the reaction mixture, the aqueous layer was separated 
and acidified with 2N HQ and extracted with ethyl acetate. The organic layer was dried 
over magnesium sulfate and the solvent was ranoved under reduced pressure. The 

20 crude hydrofysis product was chromatographed on silica gd and duted with methylene 
chloride and methanol to obtain an oil (150 mg, 31%); single q>ot on tic, B/ = 0.68 (n- 
butanoLacetic acid5>yridineB20 « 4:1:1:2). AnaL Calcd. for C^^O^ZfA BjO: C, 
5628; H, 537; N, 5 J7. Found: C, 56.21; H, 5.46; 5^6. 

EXAMPLEPKC17 

25 Z-Leu-DL-Nva-COOEt This compound was prq)ared from 2:-Leu-Nva-0H in 60 

% yidd by the procedure described in Example PKCl; oiL one q)ot on tic, R{ = 0.49 
(CHQaiMeOH « 20:1). NMR (CDCI3) d: 0J)1 (t, 9H), CH3; 1.25 (t, 3H), CH3; 138 (q. 
2H), OCH2CH3; 1.64 (m, 6H), L85 (m, IH), CSliCE.^^ 434 (m, IH) 
CH2CH(NHCOOCH2Ph)CONH; 5.12 (d, 3H) NHCH(C0)CH2 and OCH^Ph; 532 (d. 

30 IH) NH; 6.71 (d, IH) NH; 736 (s, 5H) Ph. 

Z-Leu-DLrNva-enol est«, the precursor of Z-Leu-DL-Nva-COOEt was 
synthesized by the same procedure as described in Example PKCl and purified \ts 
cohmm chromatography, oil, one ^t cm ti& NMR (CDCI3) 5: 0.96 (t, 9H); 1.25 (t. 
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3H); 1.41 (t, 2H); 1.54 (m, 4H); 1.72 (m, 3H); 2.80 (t, 2H); 4.20 (q, 2H); 4.43 (q, 2H); 
5.16 (q, 2H); 523 (s, IH); 737 (m, 5H); 1133 (s, IH). 

EXAMPLE PKC18 

Z-Len-DL-Phe-COOEt. Iliis compound was prq)ared from Z-Leu-Fhe-OH in 30 
5 % yield 1^ the procedure described in Example FKCl; oil, one spot on tic, Rf « 0.47 

(CHajiMeOH = 50:1). NMR (CDO^) *: 0.88 (d, 9H), OCaijCHj and (CH3)2CH; 135 
(q, 2H), OCH2CH3; 1.56 (q, 2H), (CH3)2CHCH2CH; 3.03 (m, IH), (013)201; 432 (m, 
2H), NHCH(CO)ai2; 5.08 (s, 4H) ai^Ph; 5.40 (m, IH) NH; 6.61 (d, IH) NH; 731 (s, 
5H) Ph; 735.(8, 5H) Ph. 

10 Z-Leu-DL-Fhe-enol ester, the precursor of 2>Leu-DL-Fhe-C00£t was 

synthesized fay the same procedure as descr&ed in Example PKCl and purified fay 
cohmrn chromatography, oil, one q»ot on tk. NMR (CDQ^) «: 0.86 (t, 3H); 0.99 (t, 
3H); 1.24 (t, 3H); 1.40 (t, 3H); 152 (m, 2H); 1.83 (m, 2H); 4.23 (m, 4H); 439 (q, 2H); 
5.10 (t, 2H); 5.18 (s, IH); 726 (m, 5H); 734 (m. 5H); 8.89 (s, IH). 

15 EXAMPLE PKC19 

2<-Leu-DL-Abu-C00£t This compound was prqpared from 2^Leu-Abu-OH in 
33 % yield fay the procedure described in Example FKCl; oil, one spot oh tic, Rf « 0.66 
(OiCSarMeOH - 20:1). NMR (CDCa^) 5: 0.96 (t, 9HX OaJjOig and (013)20!; U6 
(t, 3H), OIjCT^OIa; 137 (q, 2H), OGHjO^; 1.66 (q, 2H), (013)20101201 ; 2.00 
20 (m, IH), 01(013)2; 4.12 (q, 2H) OICH2C%; 434 (m, IH) 

NHOI(CX)NH)CH20I(Oi3)2; 5.12 (q, 3H) Ol^Ph and CONH(Et)OJCX)COO; 529 (t, 
IH) NH; 6.79 (d, IH) NH; 735 (s, 5H) Ph. 

2^Leu-DL-Abu-enol ester, the precursor of 2S-Leu-DL-Abu-COOEt was 
synthesized by the same procedure as described in Exam|)le FKCl and purified fay 
25 column chromatography, oil, one ^ot on tic. NMR (C3X3i^ 6: 0.98 (t, 6H); 1.12 (t, 
3H); 124 (t, 3H); 1.41 (t, 3H); L73 (m, 4H); 2.86 (q, 2H); 420 (q, 2H); 431 (m, IH); 
4.42 (q, 2H); 5.15 (q, 2H); 521 (s, IH); 734 (m, 5H); 1129 (s, IH). 

EXAMPLE PKC20 
AIa-DL-Lys-COOEt*HCL To a solution of N-carboben^loscyalanyl-N®* 
30 carbobenzylo^lysine (1.88 g, 3.9 mmol), 4-dimethylaininopyridine (21 mg, 0.17 mmol), 
and pyridine (1.0 niL, 12.4 mmol) in THF (7 mL) was added ethyl oxafyl chloride (0.9 
mL, 8.0 mmol) at a rate sufficient to start refluxing. The mixture was refluxed gently for 
3 hr, treated with water (4 mL), and stirred vigorously at room temperature for 30 rain. 
Hie mixture was extracted with ethyl acetate^ the organic extracts were washed with 
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water, dried over MgS04 and evaporated to give an oify residue (1,56 g). To a solution 

of the enol ester (156 g, 2.7 mmol) in anhydrous thanoi was added dropwise a solution 

of sodium ethoxide in ethanol at room temperature until the solution turned dear 

yellow. Ethanol was removed and the residue was dissokred in ethyl acetate. The 

5 organic solution was washed with water, dried over MgS04, and evaporated to give a 

residue. This residue was then purified by column chromatography and the product was 

duted with chloroform-methanoL The sohrent was removed and Z-Ala-DI>Lys(Z)- 

C02Et was obtained as a hygroscopic powder (328 m^ 16 %), single spot on tic, 

053 (CHC^:MeOH « 9:1); MS, m/e = 542 (M++1). 
10 N-Carbobenzo3^alanyl-DL-N^carbobenzo:7lysine keto ethyl ester, Z-Ala-DL- 

Lys(Z)-C02Et (328 mfe 0.61 mmol) was deprotected with liquid HF containing anisole at 

0*^0 for 30 min. The HF was removed under reduced pressure. The residual oil was 

dissolved in absolute ethanoL HQ/ethanol was added to the solution, and ethanol was 

removed m vacuo. The residue was washed by decantation with ether to give a semi 

15 solid (216 mg, 100 %); single spot on tic (n-butanoLacetic addipyridinerH^O « 4:1:1:2). 

EXAMPLE PKC21 

Bz-DL-Lys-COOEfHCL This compound was prepared from B2-DL-Ly5(Z)- 
COOEt in 62% yidd hy the procedure described in Example PKC20; one spot on tic, 
= 057 (n-butanoL-acetic add^iyridineil^O = 4:1:1:2). The precursor, Bz-DL-Lys(Z)- 
20 COOEt was prepared from Bz-Lys(Z)-OH in 100% yidd hy the procedure described in 
Example PKCl; powder, one spot on tic; R/ = 0.75 (CHa3:MeOH = 9:1); MS, m/e = 

440 (M+). AnaL Calcd. for C2^2p^l^l^ ^ ^^•'^"J ^-^^^ ^' ^ 
63.49; H, 651; N, 5.92. 

EXAMPLE PKC22 

25 Bs-DL-Arg-COOEfHCL This con^und was prqared from Bz-DL-Arg(Z)- 

COOEt in 99% yield fay Ae procedure described in Example FKC20; one spot on tic, 
» 0.71 

(n-butanokacetic acid:pyridine:H20 e 4:1:1:2), Sakagudii reagent positive. Bz-DL- 
Arg(Z)-COOEt was prq)ared from Bz-DL-Arg(Z)-OH in 19% yield by the procedure 
30 described in Example PKC20, R/ = 0J8 (CHa3:MeOH » 9:1); mp 140-142 'Q MS, 
m/e = 468 (M+). AnaL Calcd. for C^/^O^^. Q 61.53; H, 6.02; N, 11.96. Found: C, 
61.96; H, 6.48; N, 1234. 
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EXAMPLE PKC23 

H-Gly-DL>Lys-C00Et2HCL This compound was prepared from Z-Gfy-DL- 
Lys(Z)-COOEt in 92% yield by the procedure described in Example PKC20; R/ « 021 
(n-butanol:acetic acid.-pyridine:H20 » 4:1:1:2). Z^ly-DL-Lys(Z)-COOEt was prepared 
5 from Z-Gly-Lys(Z)-OH in 9% yield by the procedure described in Example PKC20, one 
spot on tk, - 0.68 (CHa3:MeOH = 5:1); MS, m/e = 528 (M++1). 

EXAMPLE PKC24 

H-Pro-DL-Lys-C00Er2HCL This con^und was prqiared from Z-Fro-DL- 
Lys(Z)-COOEt in 100% yield by the procedure described in Example PKC20; one spot 
10 on tic (n-butanokacetic acid:pyadine JIjO « 4:1:1:2). Z-Pro-DL-Lys(Z)-COOEt was 
pr^ared from 

Z-Pro-Lys(Z)-OH in 15% yield by the procedure described in Example PKC20; Rp. » 

"^0.73-(aia3-MeOH^ 9:1); MSTmye 568 (M+^^l> 

EXAMPLE PKC25 

15 H-Phe-DL-Lys-COOEr2HCL This compound was prq)ared from Z-Phe-D]> 

Lys(Z)-COOEt in 39% yield by the procedure described in Example EKC20; one spot on 
tic (la-butanotacetic addqjyridineJijO - 4:1:12). Z.Phe-DL-Lys(Z)-COOEt was 
prq)ared from Z-Fhe-Lys(Z>OH as previously described in 9% yield, » 0.68 
(CHa3:MeOH » 9:1); MS, m/e « 482 (M+). 
20 EXAMPLE PKC26 

H*Len-Ala-DL-I^ys<;OOEt:2HCa. This oon^Mund was prepared bom Z-Leu-Ala- 
DL-Lys(Z)-COOEt in 52% yield by the procedure described in Example PKC20; one 
spot on tic (n^butanoL'acetic acid:pyridine:H20 ■ 4:1:1:2). 

Z-Leu-AIa-DL-Lys(Z)-COOEt was prepared from Z.Leu-Ala-DL.Lys(Z)-OH in 
25 5% yield by the previously described Dakin West reaction, = 034 (CHa3:MeOH = 
19:1); MS, m/e - 609 (M+OCHjCHj). 

EXAMPLE FKC37 

Sin^ Amino Add, Di- and THpeptide Enol Esters (Cenercd Procedure ). A 
modified Dakln-West procedure was used [Charles et aL, J. Chan. Soc. Peikin 1, 1139 
30 (1980)] and is iUustrated with the synthesis of ^Leu-DL-Phe-EE To a stirred solution 
of ZrLeu-Phe-OH (6.19 g, 15.0 mmol), 4- dimethylaminopyridine (0.183 g; 1,5 mmol) and 
pyridine (4.75 g, 4,85 ml, 60 mmol) in tetrahydrofuran (45 ml) wanned 50 was added 
ethyl Qxalyl chloride (430 g, 3.52 ml, 31.5 mmd) at a rate sufficient to initiate refluxing. 
The nuxture was then heated at a gentle reflux for 4 h, Afta cooling to room 
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tempCTature die mixture was treated with water (25 ml) and stirred vigorously at room 
temp^ature for 30 min. Ihemixtur was extracted with ethyl acetate (150 ml) and after 
separation of the organic layer, the water layer was saturated with solid Q^4)^0^ and 
re-extracted 2-times with 25 ml ethyl acetate. The combined organic phases were washed 
5 2-times with 75 ml water, 2-times with 50 ml of satd. NaO, decolorized with carbon and 
dried ov^ MgS04. After evaporation of the solvent, the crude enol ester (836 g, 98%) 
was flash-chromatographed on silica gd and the product was duted with a AcOEt The 
solvent was evaporated in vacuo (rotavaporator) and the pure enol ester was obtained as 
a oil PJ22 g, 85%); single spot on ILC, Rf « 0.84, A; 0.68, C 
10 Z-Leu-Nva-EK This compound was prepared from Z-Leu-Nva- OH using the 

general procedure and purified by flash chromatography on silica gd usmg 

CHQ^rMeOH « 50:1 v/v as duenL Yidd 95%, single spot on TLQ Rf = 0.92, Q 0.28 

— _ 

Z-LeU'AbU'EK This compound was prepared from Z-Leu-Abu- OH in 78% 
15 yidd the general procedure described above. Purification by flash obramatography on 
siHca gd Eluent, CHa3:MeOH » 50:1 v/y, single spot on TLC, Rf » 0,86, A 

FhCO'AbU'EE This compound was prepared from PhCO-Abu-OH in 26% yidd 
by the general procedure as described above. Purification by flash chromatography on 
silica gel. Eluent CHa3, single spot on TLC, Rf « 0.60, M. 
20 (CH3)2CH(CH2}2CO'AbU'EE, This compound was prepared from 

(C3l3)2CH(CH2)2CO-Abu-OH in 82% yidd by the general procedure as described 
above. Purification by flash chromatography on silica gd. ELueni AcOEt, single spot on 
TLC, Rf = 0.72, C 

{CHf:H^H^2 CO'AbU'EK This compound was prq)ared from 
25 (CH3CH^CH2)2CH CO-Abu-OH in 100% yidd by the general procedure described 

above. Purification by flash chromatography on silica gd Eluent AcOEt, single spot on 

TLC, Rf « 0.78, C; 0.81, K 

Fh(CH^^O'Abu-ER This compound was prepared from 
Ph(CH2)5CO-Abu-OH in 86% yidd by the general procedure described above. 
30 Purification by flash chromatography on silica gd Eluent AcOEt Single spot on TLC, 
Rf «0.74, C 

Z-Leu-^^Cl-Phe-EK This compound was prepared from Z-Leu- 4-Cl-Phe-OH in 
69% yidd by the general procedure described above. Purification by flash 
chromatography on silica gd Eluent AcOEt, single spot on TLC, Rf = 0.77, C; 0.78, K 
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Z-Leu'LeU'AbU'EK This compound was prepared from Z2*Leu- Leu-Abu-OH 
in 62% yield by the general procedure described above. Purification by flash 
chromatography on silica geL Element CHa3:MeOH » 50:1 v/v. Singjle spot on TLC, 
e 0.89, A; 0 JS, M. 

5 Z-LeU'LeU'Phe-EE. This compound was prepared from Z-Leu- Leu-Fhe-OH in 

60% yield by the general procedure described above. Purification by flash 
chromatography on silica geL Eiuent CHa3:MeOH » 50:1 v/v. Single q)ot on TLQ Rf 
= 0.80, K; 0.70, M. 

2-NapSO^Leu-LeU'AhU'EE. This compound was prepared from 
10 2-NapS02-Leu*Abu-OH in 73% yield by the general procedure described above. 

Purification by flash chromatography on silica geL Eiuent AcOEt, single spot on TLC, 
R| « 0.71, K; 0.54, C 

This compound was prepared from 
2-NapS02-Leu-Leu-Abu-OH in 74% yield by the general procedure desaibed above. 

15 Purification by flash du-omatography on silica geL Eiuent AcOEt: AcOH «= 200:1 v/v. 
Single spot on TLQ Rf » 0.69. K 

Z-Leu-Phe-COOEt Single Affiinoadd, Di-and TipepHde- ketoesters (General 
Procedure). To a stirred solution of 8.53 g (15.0 mmol) of 2S-Leu-Phe-EE in 40 ml 
anhydrous ethanol at room temperature was added drqpwise a solution of sodium 

20 ethoxide (0.204 g; 3.0 nunol) in 20.0 ml anhydrous ethanoL The color of the reaction 
mixture change from colorless or pall yellow to deep yellow or orange dependent on 
enol-ester. Then the reaction mixture was stirred at room temperature for 4-5 hours, the 
ethanol was then evaporated in vacuo (rotavaporator) and the residue treated with 200 
ml ethyl ether (or 200 ml ethyl acetate in the case of the tripeptide). The ether (ethyl 

25 acetate) solution was washed with 2 x 75 ml HjO, 2 x 75 ml satd. NaCa, decolorized with 
carbon and dried over MgS04. After evaporation of solvent, the crude product 6.09 g 
(89.7%) was flash chromatographed on silica gel using CHCl^. MeOH « 50:1 v/v. 
Evaporation of solvent give pure Z-Leu-Phe-COOEt (4.08 g; 58.0%) as a thick oiL 
Single spot on TLC, Rf = 0.60, A; 0.47, M Mass q>ectrum, FB-MS [(M+ 1)/Z] « 469. 

30 EXAMPLE PKC28 

2-Leu-Nva-COO£t This was prq)ared by the preceding general procedure. 
Purification by flash chromatography on silica gel, eiuent Q3iCl^. MeOH - 100:1 v/v, 
yield 86.6%, thick, colorless oil, single spot on TLC, R| = 0.49, A; 037, M. Mass 
spectrum FB-MS [(M+l)/Z] = 421. 
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EXAMFLEPKC29 

Z-Len-Abu-COOEt This was prepared by the preceding gaieral procedure. 
Purification by flash chromatography on silica gd, dnent CHCa3, yidd 8296, thick, pale 
yellow oil, single spot on TLC, Rf = 0.66, A Mass spectrum, O-MS [(M+ 1)/Z] - 407. 
5 EXAMPLE PKC30 

FhCO-Abu-COOEt This was prq)ared by the preceding goieral procedure. 
Purification by flash chromatography on silica gel, duent CHa^iMieOH = 50:1 v/v, 
yidd 83%, oil, single qwt onTLC, Rf = 0.44, M. Mass spectrum, M/Z263 (M ); 

a-MS,264((M+l)/Z). 
10 EXAMPLE PKC31 

(CH3)2C2I(a^)3CO-Abu-COOEt This was prepared by the preceding general 
procedure. Purification by fladi chromatography on silica gd, duoit AcOEt, yidd 43%, 
oil, single spot on TLC, Rf = 0J6, C Mass spectrum EI-MS M/Z 257 (M+); FB-MS, 

[(M+l)/Z] =258. 
25 EXAMPLE FKC32 

C3l3C!^CH)2CHCO-Abu-COOEfc This was prq)ared by the precedmg general 
procedure. Purification by fladi diromatography on silica gd, duait CHOarMeOH = 
50: 1 v/v, thick, ydlowish oil, yidd 66%, single spot on TLC, Rf = 0.80, C; 0.66, M 
Mass spectrum EI-MS M/Z » 285 (M+); Q-MS, [(M+ i)/Z] - 286. 
20 EXAMPLE PKC33 

Ph(CBWfiCO-Abtt-COOEt This was prepared by the preceding genaal 
procedure. Purification by flash chromatography on silica gd, duent CHa3:MeOH = 
50:1 v/v, yidd 64%, pale ydiow oil, single spot on TLC, Rf » 0.29, M. Mass spectrum 
EI-MS M/Z = 347 (M+X i^^S, [(M+ 1)/Z5 = 348. 
25 EXAMPLEFKC34 

Z-Leu-4-a-Plie.COOEt This was prq>ared by the preceding general procedure. 
Purification by flash chromatography on silica gd, duent AcOEt, yidd 100%, colorless 
oil, single qwt on TIjC, R, = 0.71, C Mass spectrum EB-MS M/Z = 503(M*). 

EXAMPLE PKC35 

30 Z-Leu-LeifcAbu-COOEt TWs was prqiared by the preceding general procedure. 

Purification by flash chromatography on silica gd, duent CEa^MeOB. = 50:1 v/v, yidd 
79» very thick, colorless oil, single q>ot m TLQ Rf « 028. M. Mass spectrum 

EB-MS, [(M+1)/Z1 = 520. 
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EXAMPLE PKC36 

Z-Leu-Leu-Phe-COOEt. Ihis was prqiared by the preceding general procedure. 
Purification by flash diromatography on silica gel, duent CHQjcMeOH " 50:1 v/v, yield 
33%, oil, single spot on TLC, = 056, M. Mass q)ectrum, FB-MS, [(M+l)/Z| « 582. 
5 EXAMPLE PKC37 

2-NapS02'Leu-Abu-COO£t. Th^ was prqpared by the preceding general 
procedure. Purification by flash chromatography on silica gel, eluent CHQ^iMeOH « 
50:1 v/v, yield 38%, thidc oil, single q>ot on TLQ Rf « 0.71, K; 0.54, A. Mass spectrum 
FB-MS, [(M+l)/Z] - 4fi3. 

10 EXAMPLE FKC38 

2>NapS02>Leu-Lett*Abu*COO£t This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel, ehient AcO£t:AcOH » 
200:rv/v7yiad"61%78eM^Iid,"single ^t M"TCC;" »~0:67,"K~Mass spectrum 
FB-MS, [(M+l)/Z] = 576. 
15 EXAMPLE PKC39 

Z-I^-Met^COjEt. Hiis compound was prq>ared by the above procedure. 
Yellow oil, single spot on TLC, Rf = 0.52 (CHq3:CH3OH»50:l), yield 46% (from 
dipeptide), MS (FAB) 454 (m+1). 

EXAMPLE PKC40 

20 Z-Leu-NLeu-COjEt. Hus compound was pr^ared by the above procedure. Pale 

yeUow oil, single spot on TLC; Rf • 0J7 (Caa^iCR^OH. » 50:1), yield 53% (from 
dipeptide), MS (FAB) 434 (m+1). 

EXAMPLE PKC41 

l^jmffiesis ofn-Butyl Oxafyl OUtnide. Ibis was prq)ared by a lito-ature procedure 
25 [Warren and Malee, /. ChmmaL 64, 219-222 (1972)]. N-Butand (0.1 moL 7.41 g) was 
added drqiwise to oxafyl diloride (0.5 moL 63.5 g) at ^lO *C After the addition was 
completed, the reaction mixture was stirred for 20 min. at r.t and distilled, giving 15.0 g 
(91.18 moL 91%) of the product n-butyl oxafyl chloride, bp 58-60 *C (0.6 mm Hg). 
Z-Leu-Plie-COjBiL This compound was prepared from Z-Leu- Fhe-OH and 
30 haxyl cxalyl chloride in 43% yield by the procedure described for the synthesis of 

Z-Leu-Phe-C02Et, exoqpt that bu^l oxalyi cMoride was used in place of ethyl oxalyl 
chloride and sodium butylcadde in butanol was used for enol ester I^drofysis. Single spot 
on TLC, Rf - 0.54 (CHa3:CH30H » 50:1) MS(FAB) m/e « 497 (m+1), *H NMR 
(CDa3)ok. 
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EXAMPLE PKC42 
Z-Leu-Abu-C02BiL This compound was pr^ared by the above procedure. 
Single spot on TLQ Rf « 033 (CHO^iCSlpK = 50:1), yield - 36%, pale yeUow oil, 
MS (EAB) m/e « 435 (M+1), NMR (CDOj) ok. 
5 EXAMPLEPKC43 

Syndesis of Benzyl Oxafyl CUoride. Benzyl alcohol (0.15 moL 16 g) was added 
dropwise to oxalyl chloride (0.75 moL 95 g) at 5-10 ""Q After the addition was complete, 
the reaction was stirred for 20 min. at r.t The excess oxafyl chloride was distilled and 
recycled. Then the mixture was distilled under vacuo, giving 26 g (0.12 moL 86%) of 
10 benzyl oxalyl chloride, bp. 110-112 (0.6 mm-Hg). H^NMR (CDQ^) 139 (s, 5H), 53 

Z-Leu-Phe-CO^BzL This compound was prepared from Z^L&n- Phe-OH and 
ben^l oxalyl chloride in 17% yield by the procedure described in the synthesis of 
2>Leu-Fhe-C02Et, except that benqri oxafyl chloride was used in place of ethyl oxalyl 
15 diloride and sodium benzyloxide in hetayi alcohol was used for end ester hydrofysis. 

Single q>ot on TLQ Rf = 0.63 (CBCI^iCEL^OBl = 50:1). Pale yellow solid, mp 117-119 
""C. MS(FAB) m/e = 532 (m+1). H^NMR ok. 

EXAMPLE PKC44 
Z-Leu-Abu-COjBzL This compound was prepared fay the above procedure. 
20 Single spot on TLC % « 0.51 (CHajrCHjOH » 50:1), pale yeUow oil, MS(FAB) m/e 
= 469 (m+1), yield » 26%. 

EXAMPLE PKC45 
Z-Leu-Phe-COOH. D^)eptide Ketoadds (General Procedure). To a stirred 
solution of 053g (1,13 nunol) Z-Leu-Phe-COOEt in 6.0 ml methanol was added 1.27 ml 

25 (1.27 mmol) IM NaOH. The color of the reaction mixture turned dark yellow and a 
small amount of solid was deposited. The reaction was run at room temperature and 
progress of the hydrolysis was diecked on TLQ After 24 h. no more substrate was 
detected. The reaction mixture was diiUed in one ice bath at 5 "^C, acidified with IM 
HQ to pH - 3 and extracted widi AcOEt (2 X 50 mL). The or^nic extract were 

30 washed with 2 X 50 ml B^O and if necessary, decolorized with carbon and dried over 
M^04. After evaporation of the solvent (rotavaporator), the residue (thick oil) were 
tituratedwith2x25mln-hexaneanddriedinvacuo. Yield 039 g (78%) of colorless, 
veiy thick oiL TLQ main spot at Rf s 0^, trace of impurity at » 0.78, L Mass 
spectrum, FB-MS [(M+l)/Z] = 441. 
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EXAMPLE PKC46 

Z-Loi-Abu-COOH. lUs compound was prepared from Z-L-Leu- Abu-COOEt in 
83% yield fay the general procedure as described above; TLC, main spot at « 0.14, 
trace of impurity at » 0.73, L Mass qiectrum, FB-MS [(M-f 1)/Z] =■ 379. 
5 EXAMPLE PKC47 

Z-Leu-Phe-CONH-Et To a stirred solution of Z-Leu-Fhe-OH (20 g, 4iS 
nunole), 4-dimet)qdanunopyridine (0587 g, 4.8 mmole),and pyridine (15.7 ml, 194 
mmole) in anhydrous IHF (100 ml) was added ethyl ozalyi chloride (11.4 ml 10L8 
mmole) at a rate sufBdent to initiate refluadng. The mixture was gentty refluxed for 4 

10 hours, cooled to room temperature, and water (80 ml) was added The reaction mkture 
was stirred vigorous^ for 30 min, and extracted with ethyl acetate (3 x 100 ml). Ihe 
combined organic layers were washed with water (2 x 100 ml), saturated sodium chloride 
(2^ 100 ml), decolorized with decolorizing carbon, dried over magnesium sulfate, and 
concentrated, leaving a dark orange oil CJiromatography on a silica gel column with 

15 CHa3/CH30H (50:1 v/v) afforded 14.63 g (y - 53 %) of Z^Leu-Phe-enolester. Ihe 
product was a yellow oil Single spot on TLC, = 0.77 (CHCX3/CH3OH 50:1). NMR 
(CDa3) ok. 

To a stirred pale yellow solution of the Z-Leu-Fhe-enolester (14.63 g, 25.73 
nrniole) in anhydrous ethanol (50 ml) was added a sohition of sodium ethoxide (0.177 g, 

20 2.6 mmole) in ethanol (5 ml). The orange solution was stirred for 3 hours at room 
temperature, ihen the ethanol was evaporated and the residue was treated with ethyl 
ether (300 ml). The ether layer was washed with water (2 x 100 ml), saturated sodium 
chloride (2 x 100 ml), dried over magnesium sulfate, and concentrated, leaving a orange 
oil. Chromatography on a silica gd column with CHa3/CH30H (50:1 v/v) afforded 

25 7.76 g 0^ = 64 %) of the a-ketoester Z-Leu-Phe-COOEt. The product was a yellow oil. 
Single spot on TLC, « 0.44 (CHa3/CH30H 50:1). NMR (CDQ^) ok. MS (FAB, 
calcd. for C26H32N2O6: 468.6), m/e » 469 (M+ 1). 

The a-carbonyl group of Z-Leu-Phe-COOEt was protected by following 
procedure. A solution of Z-Leu-Phe-COOEt (1 g, 2.13 nrniole) in 5 ml of CH2CI2 was 

30 added l»2-ethanedithiol (0.214 ml, 235 mmole), followed by 0.5 ml of boron trifluoride 
etherate. The solution was stirred overnight at room temperature. Water (20 ml) and 
ethyl ether (20 ml) were added. Ihe organic layer was separated, washed with water (2 x 
10 ml), saturated sodium diloride (2 x 10 ml), dried over magnesium sulfate, and 
evaporat d to afford 0.98 g(y 84 %) yellow semisolid. 
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Hie protected a-ketoester (0.98 g, 1.8 mmde) was dissohred in ethanol (5 ml), 
cooled to 0-5 *C in a ice bath, and ethylamine was bubbled through the solution until 
2.43 g (54 mmole) had been added. Hie reaction mixture was allowed to warm to room 
temperature slowly, and stirred ovemig^ Ibe mixture was filtered, a white precqiitate 
5 was rmoved, leaving a yellow semisolid. Chromatography on a silica gel column with 
CHOa/CHaOH (30:1 v/v) afford 0.63 g (y « 75 %) of Z-Leu.Phe<:ONH-Et. Ihe 
product was a pale yellow solid. Single spat on TUC, Rf = 0.60 (CBCycapH. 20:1); 
mp 145-147 "C AnaL calcd. for Cj^^^l^Ps: 467^6; Q 66.79; H, 7.11; N,8.99; found: 
Q 66.59; H, 7.09; N, 8.95. NMR (CDQj) oL MS (EAB) m/e = 468 (M+1). 
10 EXAMPLE PKC48 

Z-Len-Phe-CONH-nPr. Ihis compound was ^nthesized £rom the protected a- 
ketoester and propylamine in 92 % yidd by the procedure desoibed in Example PKC47. 
Single spot on TLC, Rf - 0.50 (GHOs/CaagOH 50:1); mp 152-153 'C AnaL calcd. for 
q7H35N305: 48L57; C, 6733; H, 7J3; N, 8.72. Found: C, 67.21; H, 738; N, 8.64. NMR 
15 (CDOs) ok. MS (EAB) m/e » 482 (M* 1). 

EXAMPLE PKC49 

Z-Lea-Phe-CONH4iBu. This compound was synthesized £rom the protected «- 
ketoester and butylamine in 67 % yield by the procedure described in Example PKC47. 
Single spot on TLC, Rf « 0.50.(C3ia3/CH3OH 50:1); mp 152-153 "C AnaL calcd. for 
20 C28H37N3O5: 495J9; C, 67.85; H, 7.52; N, 8.48. Found: C, 67.70; H, 7.57; N, 8.43. NMR 
(CDCy ok. MS (FAB) m/e = 496 (M+1). 

EXAMPLE PKC50 

Z-Leu-Fhe-CONH-iBa. This compound was synthesized from the protected a- 
ketoester and isobutylamine in 53% yield by die procedure described in Example 
25 PKC47. Single spot on TUC, Rf « 054 (CHC^/CHjOH 50:1); mp 152 •C AnaL 

cakd. for C28H37N3O5: 49559; C, 67.85; H, 752; N, 8^8. Found: Q 67.77; H, 756; N, 
8.40. NMR (COa^ ok. MS (FAB) m/e - 496 (M+1). 

EXAMPLEFKC51 

Z-Leu-Phe-CONH-BzL Hiis compound was sgnAe^zed from the protected a- 
30 ketoester and ben^lamine in 40 % yield by the procedure described in Example PKC47. 
After reacting oveinigjit, ethyl acetate (60 ml) was added. The mixture was filtered to 
r^nove a white precipitate. Ih solution was washed with coaled 1 N HQ (3 x 25 ml), 
wat^ (1 X 20 ml), saturated sodium cMoride (2 x 20 ml), and dried over magnesium 
sulfate. The solution was ev^orated leaving a yellow solid. Chromatograpl^ on a silica 
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gel coluiim with CaO^/CH^OH 30:1 v/v) afforded a yellow soUd. Single spot on TLC, 
Rf = 0.45 (CHaa/CaijOH 30:1); mp 160-162 'C AnaL calcd, for C31H35N3O5: 529.61; 
C, 7030; H, 6.66; N, 7.93. Found: Q 70.18; H, 6.67; N, 7.99. NMR (COa^) ok. MS 
(FAB)m/e - 530(M+1). 

5 EXAMPLE PKC52 

Z-Leu.piie-CONH-(CH2)2Ph. lliis compound was synthesized from the 
protected a-ketoester and phenethylamine in 50 % yield by the procedure described in 
Example PKC51. Single spot on TLC, Rf - OJO (CSCyCMiOU 30:1); mp 151-153 •C 
AnaL calcd. for C32H37N3O5: 543.66; Q 70.70; H, 6.86; N, 7.73. Found: C, 70.54; H, 
10 6.88; N, 7.74. NMR (CDO^) ok. MS (FAB) m/e = 544 (M+1). 

EXAMPLE PKCS3 
Z-Leu-Abu-CONH-Et This compound was s^thesized from protected a- 
tetoeder dCTived from Z-Leu-Abu-CO^t and ethylamine ia 64% yield by the 
procedure described in Example PKC47. Single spot on TLQ Rf = 036 
15 (CHC33/CH3OH 50;1); mp 130-132 •C AnaL calcd. for C21H31N3O5: 405.45; C, 62.20; 
H, 7.71; N, 1036. Found: C, 61.92; H, 7.62; N, 103L NMR (CDO^ ok. MS (FAB) 
m/e B 406 (M+l). 

EXAMPLE PKC54 

Z-Lca-Abu-CONH-nPr. Hus compound was synthesized from the corre^onding 
20 protected a-ketoester and pn^iylamine in 47 % yield by the procedure described in 

EjHunple PKC47. Single ^t on TLC; R, » 028 (GHaj/CHgOH 50:1); mp 134-135 'C. 
AnaL calcd. for C22H33N3O5: 419.50; C, 62.98; H, 7.93; N, 10.02. Found: C, 62.84; H, 
7.97; N, 9.94. NMR (CDC^ ok. MS (FAB) m/e - 420 (M+1). 

EXAMPLE FKC55 

25 Z-Lcu-Abu-CONH'oBu. This compound was synthesized from the corresponding 

protected a-ketoesto* and butylamine in 42 % yield by the procedure desafl>ed in 
Example PKC47. Single spot on TLC, Rf « 0.54 (CHOj/CaiaOH 50:1); mp 135-136 
AnaL cakd. for C23H35N3O5: 433J3; Q 63.71; H, 8.13; N, 9.69. Found: C, 63.48; H, 
8.07; N, 9.67. NMR (CDCI3) ok. MS (FAB) m/e - 434 (M+ 1). 

30 EXAMPLE FKC56 

Z-Len*Abu-CONH>IBu. Ihis compound was synthesized from the corresponding 
protected, a-ketoester and isobutylamine in 65 % yield by the procedure desoibed in 
Example PKC47. Single spot on TLC, Rf « 0.25 (CHCyCE/m 50:1); mp 133-135 "C 
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AnaL calcd. for C23H35N3O5: 433^2; C, 63.72; H, 8.14; N, 9.69, Found: C, 63.46; H, 
8.10; N, 9.60. NMR (CDO^) ok. MS (FAB) m/ = 434 (M+1). 

EXAMPLE FKC57 

Z>Leu>Abii^CONH-BzL Tliis compound was synthesized from the corresponding 
5 protected a-ketoester and ben2ylanune in 29 % yield by the procedure desoibed in 

Example PKC51. Single spot on TLC, Rf ■= 0.56 (CHCyCH^OB. 30:1); mp 140-141 "C 
AnaL calcd. for C26H33N3O5: 467.54; Q 66.79; H, 7.11; N, 8.99. Found: Q 66.65; H, 
7.07; N, 8.93. NMR (CDO^) ok. MS (FAB) m/e = 468 (M+1). 

EXAMPLE PKC58 

10 Z-Leu-Abtt-CONH-(CIl2)2Ph> Ihis compound was synthesized from the 

corresponding protected a-ketoester and phenethylamine in 51 % yield by the procedure 
described in Example PKC51. Single spot on TLC, Rf » 0>I4 (CSCycSipB. 30:1); n^ 
156-157 'C AnaL calcd for C27H35N3O5: 481.59; C, 6734; H, 733; N, 8.72. Found: Q 
6738; H, 733; N, 8.78. NMR {CDQ^) ok. MS (FAB) m/e » 482 (M+ 1). 

IS EXAMPLE PKC59 

Z-Leo-Abu-CONH-(CHj)3-N(CH2C!H2)20. This compound was synthesized from 
protected a-ketoester and 4(3-aminopropyl)morphoIine in 33 % yield by the procedure 
described in Escan^e PKC47. After reacting overnight, ethyl acetate (80 ml) was added. 
Hie mixture was filtered to ronove a white prec^iitate. The sdution was washed with 

20 water (3 x 20 ml), saturated sodium diloride (2 x 20 ml^ and dried over magneshun 
sulfate. The solution was evaporated leaving a yeUow oiL Chromatography on a silica 
gd column with C^Q^/^^'^ (l^'^ V^) afforded a yellow semisolid, which was 
reoystallized from ethyl acetate/hexane to obtain a pale yellow solid. Single spot on 
TLC, Rf = 0.42 (CHa3/CH30H 10:1); mp 125-126 'C. AnaL calcd. for €2^4(^406: 

25 504.63; C, 6L88; H, 7.99; N, ILIO. Found: Q 61,69; H, 7.95; N, 11.07. NMR (CDQa) 
ok. MS (FAB) m/e = 505 (M+1). 

EXAMPLE PKC60 
2^Leu-Abo-CONH-(CH2)7CH3^ This compound was synthesized from the 
correqionding protected a-ketoester and octylamine in 67 % yield by the procedure 
30 described in Example FKC5L It was white solid. Sin^e spot on TLQ Rf ^ 0.55 

(CHa3/CH30H 30:1); mp 134-135 AnaL calcd. for C27H43N3O5: 489.66; Q 6623; 
H. 8.85; N, 838. Found: C, 66.19; H, 8.81; N, 8.61. NMR (COa^ ok. MS (FAB) m/e 
«= 490 (M+ 1). 
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EXAMFLEPKC61 
Z-Leu-Abu-CONH-(CH2)20H. This coiiq>ound was synthesized from the 
coireqiondiiig protected ct-ketoester and ethanolamine in 29 % yield by the procedure 
described in Example FKC59. The produa was a white stidgr solid. Single spot on 
5 TLQ Sf « 0.42 (GHOj/CE^OH 10:1); mp 151-153 "C. Anal: calcd. for C21H31N3O5: 
421.49; Q 59.84; H, 7.41; N, 9.97. Found: C, 59.11; H, 7.44; N, 9.81. NMR (CDQ^ ok. 
MS (FAB) m/e « 422 (M-t-1). 

EXAMPLE PKCfi2 

Z-Lea-Abu-CONH-(CH2)20(Ci^2^^ compound was ^thesized from the 
10 corresponding protected a-ketoester and 2-(2-aminoethQxy)ethanQl in 34 % yield by the 
procedure described in Example PKC59. The product was white stid^ solid. Single spot 
on TLQ Rf - 0.42 (CHOs/CHsOH 10:1); mp 103-105 °C AnaL: calcd. for 
C23H3SN3O7: 465.55; C, 5934; H, 7.58; N, 9.03. Found: Q 59.23; H, 7.58; N, 9.01. NMR 
(CDCy ok. MS (FAB; m/e « 466 (M-l- 1). 
15 EXAMPLEPKCfiS 

Z-Leu-Abu-CONH-(CH2)]^7CH3. This compound was synthe^»d from the 
corresponding protected a-ketoester and octadec^lam&te in 12 % yield by the procedure 
described in Example PKC31. Tlie product was a pale yellow solid. Sin^ spot on TLC, 
Rf " 0J4 iCRO^/CapH 30:1); mp 134-136 *C Anal: calcd. for C37H^N305: 629.92; 
20 C, 7055; H. 10.08; N, 6.67. Found: C, 70.71; H, 10.14; N, 6.75. NMR (CDO^) ok. MS 
(FAB) m/e - 630.2 (M+l). 

EXAMPLE PKC64 

Z-Leu-Abu-CONH-Oflj-CgHjCOCHj)}. This compound was synthesized from the 
corresponding protected a-ketoester and 35-dimethaxybai^lamine in 45 % yield by the 
25 procedure described in Example FKCSl. The product was yellow st«d^ solid. Single 
spot on TLQ Rf = 0.44 (CHa3/CH30H 30:1); mp 153-155 *C AnaL: cakd. for 
C28H37N3O7: 527.62; C, 63.74; H, 7.07; N, 7.96. Found: C, 63.66; H, 7.09; N, 7.92. NMR 
(CDO^ ok. MS (FAB) m/e - 528.8 (M+ 1). 

EXAMPLE PKC65 

30 Z-L«i-Abii-CONH-CH2-C4H4N. This compound was synthesized from the 

corresponding protected a-lwtoester and 4-(aminomethyl)pyridine in 45 % yidd by the 
procedure described in Exan^e FKC59. The product was greenish yellow solid. Single 
spot on TLQ Rf > 0.55 (CMCl^/CRiOB. 10:1); mp 124-126 'Q Anah calcd. for 
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C25H32N4O5: 468^5; Q 64.08; H, 6.88; N, 11.96. Found: C, 63.88; H, 6.87; N, 11.96. 
NMR (COa^) ok. MS (FAB) m/e =469 (M+ 1). 

D. TTATO-TOTON F. PRPTTOES 

Halomethyl ketone peptides are iireversiMe inhibitors for serine proteases and 
5 cysteine proteases. Ihis dass of compounds includes peptides having a variety of 

hakanethyi groups at their C-terminus. These halomethyl groups indude -CHjX, -GHXj 
and where X represents any halogen. A number of analogous compounds have 
been synthesized, including the amino-hato ketones and the diazo-ketone peptides. 
Although these analogous compounds are diemicalfy distinguishable, all of these 
10 haloketone compounds are believed to have a similar mechanism of action. According^, 

for simplidly, all of the foregoing compounds will be referred to collectively herein as 

—theJSalorKetone.P.qptides,;' 

The reactndly of haloketones has generally been found to be in the order I > Br 
> a > F. However, increasing the reactivity of the haloketone in this way can lead to 
15 acceleration of competing side effects. Ihus, it is preferable to increase the reactivity of 
the halomethyl ketone pq>tides by altering the pq)tide structure. 

Jn selecting a proper inhibitor for Calpain, the same basic peptide structure 
selection techniques as used for the Pq»tide Keto-Compounds can be used. Once a 
peptide structure has beei identified, the most effective C-terminus grouping can be 
20 empiricaUy determined through kinetic inhibition studies of each of the compounds with 
Ca^)ain. 

Many of the Hato-Ketone Pqitides are available commercially. For example, 
Leu-CHja Phe-CHja Zplys-CHaa Tosyl-LysCHja (JLCK), Tosyl-PheCHja 
(TPCK), ZrGly-Leu-Phe^a Z-Phe-AU-CHaCl, z-Phe-Phe-CHjO, D-Phe-Pro-Arg- 

25 CB2CX MeoSuc-Phe-Gty-Gfy-Ala-CHja MeoSuc-AIa-Ala-Pro-Ala-CHjCI, MeoSuc-AIa- 
Ala-Pro-Val-CHja Ala-Ala-Pto-Val-CaHja Ala-Ala-Phe-GEjO, Suc-Ala-Ala-Pro-Phe- 
C^a and D-Val-Leu-Lys-CHiCl are all available from suppliers such as Enzyme 
Systems Products of Liveimore, California. From the same suppUers, the following 
diazomethyi ketone peptides are available: Leu-CHNj, Z-Phe-Phe-CHNj, Z-Phe-Ala- 

30 CHN2, Z-Phe-Pro-CHNj, Z-Lys-CHNj and Gty-Phe-GHNj. In addition, the production 
of B-amino fluoro ketone peptides has been described in United States Patent 
No. 4,518,528 to David W. Rasnick, the disclosure of which is hereby incorporated by 
this r^eroice. 
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The preparation of various Halo-Ketone Pq)tides is reviewed in Methods in 
Enzvmoloe y. 46:197-208 (1977), the disclosure of which is hereby incorporated by 
reference. Briefly, haiomethyl ketone derivatives of blocked amino adds are readily 
prepared fay the reaction of mineral acids (hydrohalic) with the corresponding 
5 diazomethyl ketone. lodomethyl ketones are prepared by reaction of a haio*ketone with 
Nal, since reaction with HI with a diazomethyl ketone yields the methyl ketone. A 
number of different Uoddng groups can be used, including ben^loxycarbonyl (Z) and t- 
butyloxycarbonyl (Boc). The diazomethyl ketone is prepared fay reaction of 
diazomethane with the appropriate add activated fay means of dicydoho^lcarbodiimide 
10 (DCCI), by the mixed anhydride method. 

Unblocked amino add dilorometl^ ketones can be prepared fay reaction of 
beniyloxycaibonyl blocked doivatives with HBr or HOACi trifluoroacetic add, or fay 



hydrogenation. 

Synthesis of peptide diloromethyl ketones can be accomplished simpfy by 
15 coupling an appropriate peptide or amino add with an unblocked amino add 

chloromethyl ketone, A few dipeptides can be converted directly to the diloromethyl 
ketone using the mixed anhydride and CH2N2 followed by HO. 

Various synthetic problems are encountered in the prq>aration of chloromethyl 
ketone derivatives of basic amino adds. The side diain usualfy must be Uodced during 
20 synthesis, and difficulties are often oicountered during removal of the bloddng group. 
Use of trifluoroacetic add or HF was ev»tually found to gbe a good conversion to 
product 

A number of examples of the preparation of Halo-Ketone Peptides have been 
reported in the literature, induding a comprehensive review of over 100 amino add 

25 derivatives and approximatley 60 peptide derivathres listed in J.C Powers, in "Chemistiy 
and Biochemistxy of Amino Adds, Pq>tides and Proteins," Voi 4, Dekker, New York 
(1977), the disdosure of which is hereby incorporated fay reference. Those of skill in the 
art will recognize how to locate a multitude of examples of the production of the Halo- 
Ketone Peptides. According, no additional examples are provided herein. 

30 R INVITROVgES 

In addition to the foregoing classes of compounds now discovered to possess 
Calpain inhibitoiy activity, we believe that a large number of other sudi compounds 
exist. In view of the large number of inhibitors of Calpain of different dasses we 
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disdose herein, all of the known, newly discovered and yet undiscovered inhibitors of 
Calpain shall be referred to hereinafter collectively, using the term "Calpain Inhibitor." 

The Calpain Inhibitors may be used in vitro for a varieQr of puiposes to inhibit 
unwanted Calpain activity. For example, the Calpain Inhibitors may be used in vitro to 
5 prevent proteolysis that occurs in the process of production, isolation, purification, 
storage or transport of peptides and proteins. 

The Calpain Inhibitors described herein can also be used in vitro to prevent 
further degradation of tissue samples from occurring after preparation of the samples. 
This in vitro prevention of degradation can be especially useful in the preparation of 
10 assays for neurodegeneration wherein the assay comprises a test for the products of 
Calpain activity in the tissues, such as assays for breakdown products (BDF's) of 
cyt oskeletal components sudi as spectrin, MAP2, actin binding protein and tau. P. 
Seubert et aL, in Neuroscience. 31:195 (1989), the disclosure of which is hereby 
incorporated by reference, disdose an exemplaiy method of quantitating the amount of 
IS spectrin BDP's as an indication of Calpain activity. 

The Calpain Inhibitors of this invention are also useful in a variety of other 
experimental procedures where proteofysis due to Ca^ains is a significant problem. For 
example, inclusion of the Calpain Inhibitors in radioimmunoassay eq>eriments can result 
in higher sensitivity. The use of the Calpain Inhibitors in plasma fractionation 
20 procedures can result in higher yields of valuable plasma proteins and can make 

purification of the proteins easier. The Calpain Inhibitors disclosed here can be used in 
cloning experiments utilcing recombinant or transfected bacterial or eukaiyotic cell 
cultures in order to increase yield of purified recombinant product 

To use the Calpain Lihibitors in vitro, the Calpain Inhibitors are dissolved in an 
25 organic add, such as dimethylsulfoxide (DMSO) or ethanol, and are added to an 

aqueous solution containing the protease whidi is to be inhibited, such that the final 
concentration of organic solvent is 25% or less. The Ca^ain Inhibitors may also be 
added as solids or in suspension. 

R TREATMENT OF NEURODEGENERATION 
30 We have discovered that the Calpain Inhibitors are useful in vivo to treat 

pathologies in whidi excess proteolysis by Calpains is involved. Such pathologies are 
believed to include neuropathologies such as neurodegeneration resulting from 
excitotoxidty, HIV-induced neuropathy, ischemia, denervation, injury, subarachnoid 
hemorrhage^ stroke, multiple infarction dementia, Alzheimer's Disease (AD), 
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Huntington's Disease, surgeiy-related brain damage, Parkinson's Disease, and other 
pathological conditions. 

L Identification of Inhibitors 

In order to identify Calpain Inhibitors that are useful in the practice of the 

5 present invention for treatment or inhibition of neurodegenerathre conditions and 
diseases, it is important to identify those inhibitors posessing significant Calpain 
inhibitory acthd^. It is also important to identify those Calpain Inhibitors having a high 
degree of spedfid^ for inhibition of Qilpain, in order to avoid interference with other 
biological processes when the Calpain Inhibitor is introduced into a mammal requiring 

0 treatment for neurodegeneration. Because all thiol proteases are believed to exert their 
effect through a similar mechanism of action, our primary concern was to identify those 
Calpain Inhibitors having substantial inhibitoiy activity against Calpain, but relatively 
weak or no activity against other thiol proteases. Accordingfy, in order to identify such 
Calpain Inhibitors, we tested a variety of Calpain Inhibitors for their ability to inhibit 

5 calpains I and n, and compared this data with the ability of the same Calpain Inhibitors 
to inhibit Cathepsin B, another thiol protease. Those Calpain Inhibitors with high m 
vitro inhibitoiy acthdty against Calpain and a relatively lower activity against Cathepsin B 
are believed to be most useful for in vivo therapy. Examples lA through IC show the 
results of these studies for a variety of Calpain Inhibitors. 

0 EXAMPLE U 

inhibition bv Substituted Heterocyclic Compounds 

The isocoumarins are irreversible inhibitors of Calpain. We obtained IC50 values 
for a variety of these Calpain Inhibitors as a Idnetic analysis of these compounds. 
Purified Calpains can be assayed using the fiuorogenic substrate suocinyl-leudne- 

5 tyrosine-methylaminocoumarin (available commercially) or by measuring the release of 
acid-soluble peptides from casein because we have found that the isocoumarins inhibit 
casein proteofysis by Calpain. 

Pftipamfi I and n were purified by the method of (Yoshimura, et aL 1983). 
(Kitahara 1984) provides an alternative purification scheme. Calpain n may alternatively 

d be purchased from Sigma Chemical Co. as "Calcium Activated Neutral Protease." In this 
assay, purified Calpain was incubated with ^^C-methylated casein in the presence of 
various Heterocyclic Compounds and the amount of add-soluble radioactiviQr released by 
the action of Calpain was measured Tlie IC5Q values were determined as the 
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concentiation of Heterocyclic Compound compound at ^^lidi 50% of the Calpain activi^ 
was inhibited. Table lA ^ows ICrn vahies for various Isocoumarin Compounds. 
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TABLE U. 

INHIBmON OF CALPAINS BY SUBSIITUIED ISOCOUMAKINS 



cnproic 

NHj-CiTPrOIC (AdllQ . 

PhCHjNHCONH-CflPrOIC 

CHaCONH^nPrOIC 

L-Phe-NH-CnPrOIC 

BOC-L-Phe-NH-aiPrOIC 

PhCHaNHCONH-CnEtOIC 

PhCH^CXDNH-CflEtOIC 

D-Phe-NH-QTEtOIC 



Calpain I 
100 
10 
80 
700 



no inhibition 
90 
30 
200 



Calnainn 
70 
120 
30 
80 
30 

>200 



15 



20 



25 



Thus, it can be seen from Table lA that a variety of the Isocoumarin 
Compounds have significant Calpain inhibitory acthdty at low concentrations. 

EXAMPLE lB(i) 
Protease Inhibition bv Peptid e Keto-Cnmpniinrfs 
The Peptide Keto-Compounds are reversible inhibitors of Ca^ains and otha- 
thiol proteases. The values for the inhibition of ca^ain I, calpain n and Cathq)sin B 
were determined for several Peptide Keto-Compounds, Inhibition of calpain I from 
human erythrocytes and ca^ain n from rabbit musde were assayed using 
Suc-Leu-T>T-ainidomethyiooumarin as substrate in an assay buffer of 20mM HEPES 
pHe7.2, lOmM CaOj, lOmM B-mercaptoethanoL Cathq)8in B from bovine spleen was 
assayed using 2^-Lys-4-nitrophenylphoq)hate as substrate. 

Table lB(i) shows the results of the studies of Example lB(i). The Ki value for 
the inhibition of Calpains and cathepsin B by several Peptide Keto-Compounds are 
shown in |iM (micromolar). The vahies for leiq)q>tin, whidi is commercially available 
from Calbiodiem of La Jolla, California, are shown for comparison. 
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Table lB(i) 

Kj VALUES FOR PEPTIDE KETO-COMPOUNDS 



Tnliihitor 


r!alnflin T 


Ca^ainll 


Cathepsin B 

* 




Leupeptin 


032 


0.43 


6 




Z-Ala-Ala-Ala-C02Me 


200 




1.5 




Z-Ala-Ala<Abu*CO^t 


50 


200 


0.9 




Z-Leu*Fhe*CX)^t 


023 


0.4 


>50 




2>Leu-Mle-CO^t 


0.12 


0.18 


18 




Z-Leu-Abu-COjEt 


0.04 


0.4 


14 




Z-Leu-Nva-COOEt 




1.2 


30 





15 



20 



It can be seen from the results in Table lB(i) that the Peptide Keto-Compounds 
inhibit Qdpain with Ki values similar or superior to leupeptin. In particular, Z-Leu-Phe- 
C02Et, 2>Leu-Nle-C02Et and Z-Leu-Abu-CO^Et were found to possess greater Calpain 
inhibitory activity than leupeptin. In addition, these particular compounds were highly 
specific to Calpain, with lower inhibitory activity toward Cathepsin B than leupeptin, 

EX/VMPLE lB(u) 
Protease Inhibitio n of Peptide Keto-ComPOunds 

We tested the abiKty of an additional group of Peptide Keto-Compounds to 
inhibit several proteases in order to evaluate their specificity for Calpain. The results of 
these studies are shown in Table lB(ii). 
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t 

Table lB(ii). Inhibition of Calpain I» Calpain n» Cathepsin B, FF Elastase and Papain 



Inhibitor 


K,(|iM) 






ClathB 

V^OI 11 IP 




se 


DAoain 


Z-Ldi-Abu-COO£t 




OA 


30 


>100 


>100 


220 


Z-Leu-Abu-COOnBu 


1.8 




4 


>100 


25 


10 


Z-Leu-Abu-COOBz 


95 


0.47 


4 


40 


>100 


40 


Z-Leu-Leu-Abu-COOEt 


1.8 


2.6 


22 


>100 


25 




2-NapS02-Leu-Leu-Abu-COOEt 


16 


1.4 


25 


35 


47 




2-Nb$>CO-Leu-Leu*Abu-COOEt 




0.09 




>300 


28 




Tos-Leu-Leu-Abu-COOEt 


33 




69 


25 


28 




Fh-(CH3)2-CO-Leu-Abu-COOEt 




12 










Z-Leu-Abu-COOH 


0.075 


0.022 


1.5 


>150 


>150 




Z-Leu-Abu-CONHEt 


OJS 


023 


2.4 


>150 


65 




Z-mi-Abu-CONHnPr 




025 


8 


>300 


2 




Z*Leu-Abu-CONHnBu 


02 




13 


>300 


5 




Z-Leu-Abu-CONHiBu 




0.14 


4 


>300 


40 




Z-Leu-Abu-CONEBBz 




035 


2 


>300 






Z-Leu.Abu-CONH-(CH2)2-Fh 




0.022 










Z.iah-Abu-CONH-(CH2)3-MpI 




0.041 


• 








Z-Leu-Abu-CONH-(CH2)7Caa3 




0.019 










Z.Leu-Abu-CONH-(CH2)20H 




0.078 
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Table lB(ii) shows the inhibition constants (Kj) for cathq)sin B, caJpain I» and 
calpain n with peptide ketoamides. Dipeptide Ketoamides with Abu and Phe in the P^^ 
site and Leu in the P2 site are potent inhibitors of calpain I and ca^ain IL 2>Leu* 
Abu-CONH-Et is a better inhibitor of calpain I than Z-Leu-Phe-CONH-£t by 14 fold. 
5 Replacement of the Z group (PhCH20CX)-) by similar groups such as PhCH2CH2CO-, 
FhCH2C^2S02"t FhCH2NHC0-, and PhCE^^CS- would also result in good inhibitor 
structures. The best inhibitor of calpain n is 2>Leu*Abu-CONEI*(CH2)2-Ph. Changing 
the R3 and R4 groups significantly improves the inhibitory potency toward calpain II. 
The best Dipq)tide Ketoamide inhibitors are those which have long all^l side chains 

10 (e.g. Z-Leu-'Abu-CONH-(CH2)7CH3), alkyl side chains with phenyl substituted on the 
alkyl group (e.g. Z-Leu*Abu-CONH-(CH2)2*Fb)f or a all^l groups with a morpholine 
ring substituted on the alkyl group [e.g. Z*Leu-Abu-CONH-(CH2)3-MpI, Mpl = - 
N(CH2CH2)20]. Dipeptide a-ketoamides with a small aliphatic amino acid residue or 
a Phe in the P^ site are also good inhibitors for cathq>sin B. The best inhibitor is Z- 

15 Leu-Abu-CONH-Et and replacement of the Z (PhCH20CX}*) by PhCH2CH2CO-, 

PhCH2CH^02^ PhCH2NHCO-, and PhCH2NHCS- would also result in good inhibitor 
struaures. 

EXAMPLE lB(iii) 
StabiKtv of Peptide Keto^Compounds 
20 We determined the half-life of several Pqitide Keto-Compounds in both plasma 

and liver homogenates. Hie results of the determinations of stability of the compounds 
in plasma and liver homogenates are shown in Table lB(iii). 
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Table lB(iii). Stabili^ in Plasma and in liver of Peptide Keto-Componnds. 





Inhibitor 


tt/2 






plasma 


liver 


5 


Z-Leu-Abtt-COOEt 








1 2-NapSO,-Leu-Leu-Abu-COOEt 


> fiO 






2-NapC0-Lea-Lett-Abu-C00£t 


25 


• 




Tos-Leu-Leu-Abu-COOEt 


30 






Z-Leu-Abu-COOH 


> fiO 


>60 


10 


Z-Lea-Abu-CONHEt 


> 60 


>60 




Z-Leu-Abu-CONHnPr 


> <0 


>60 




Z-Leu-Abu-CONHnBu 


> 60 


>60 




Z-Leu-Abu-CONHiBu 


> 60 






Z-Leu-Abtt-CONHBz 


> 60 


>60 


IS 


Z-Leu*Phe-COOEt 


7.8 






Z-Leu-Fhe-COOnBu 


7.7 






Z-Leu-Fhe-COOBz 


IS 








Z-Leu-Plie-COOH 


> 60 


>60 




Z-Leu-Plie-CONHEt 


> 60 


>60 


20 


Z-Len-PIie-CONHnPr 


> 60 


>60 




Z-Leu-Phe-CONHnBo 


> 60 


>60 




Z-Leu-Piie-CONHiBu 


> 60 






Z-Leu-Plie-CONH(CH2)2Pli 


> 60 






Z-Leu-Nle-COOEt 


3.7 
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Inhibitor 


U/2 


plasma 


liver 


Z-Leu-Nva-COOEt 






Z-Leu*Met-COOEt 


8 





It can be seen from the data in Table lB(iii) that the Peptide Keto-Compounds 
5 are generally quite stable in plasma and liver homogenates. However, it is also shown 
that the Peptide a-ketoamides were substantially more stable in both plasma and liver 
than the corre^onding peptide a-ketoesters 

EXAMPLE IC 
Protease Inhibition bv Halo-Ketone Peptides 
10 The Halo-Ketone Peptides, like the substituted isocoimiarins, are irreversible 

inhibitors of Calpain. We determined the K^\I] values for various members of this 
class of compounds against Calpains I and IL For comparison, we also determined 
these values against the additional thiol proteases Papain and Cathepsin B for at least 
one Halo-Ketone Pq)tide. These values are not directly comparable to the Kj or 
15 IC50 values determined above for other dasses of inhibitors. 

We assayed Calpain I and n using Suc-leu-tyr-amidomethylcoumarin. Papain 
was assayed using benzoyl-arg-4-nitrQanilide, and Cathepsin B (bovine) was assayed 
using CSZ-lys^-nitrophenyl ester. We followed the progress curve method of Tian and 
Tsou, Biochemistry. 21:1028*1032 (1982), the disclosure of which is hereby incorporated 
20 by reference, to derive kinetic data. Briefly, this method makes use of the equation: 

[P J = VfSl/K 
(1 + [S]/K)AIY] 

where [P J represents the concentration of product formed at a time approaching 
in£aiity, A is the JS^ in the presence of substrate (S), K is the Midiaelis constant and 
25 [Y] is the concentration of the inhibitor. Since [S] and [Y] are known and V and K can 
be determined, can be readify determined. 

Hie K3^/[I] for various Halo-Ketone Peptides are shown in Table IC. 
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Lihibitor 



TABLE IC 

KINETIC PARAMETERS OF Halo-Ketone Peptides 

a Ctf P 



CB 



10 



15 



20 



25 



30 



Z-Gfy-Leu-Fhe-Cl^a 
Boo-Gty-Leu-I%e-CH2Cl 

Z-Leu-Fhe-CH2a 
ZrGly-Leu-Ala-CE^a 

Ac-Leu-Phe-CHj^ 
Z-Val-Phe-Q^a 

Z-iUa-Fhe-GHjCl 
AoAIa-Ala-Ala-Ala-CHi^a 



2841 



225000^ 



25900^ 



946000 
902000 
585000 
210000 
33400 
27200 
2400 
1300 



540000 290000 



d - CalpainI 
Cn « CalpainU 
P = Papain 
CB " Cathq)sui B 



^-Rat 
^- Human 
3-Rabhit 



It can be seen from the results in TaUe IC that the Halo-Ketone Peptides 
inhibit Calpain with relative^ high K^U] values. In particular, Z-gly-leu-phe-CHaa, 
Boc-gly-leu-phe-CEIjCa, Z-leu-phe-CEt^Cl and Z-gfy-Ieu-ala-CHjCl were found to 
possess significant Calpain inhSiitoiy actiid^. In addition, Boc-^y-leu-phe-CH2Cl was 
shown to be somewhat q)ecific to Calpain, widi lower inhibitoiy activity toward 
C^thepsin B or Papain than toward Ca^Mun. Ibe results shown in the table reveal that 
Z-gly-leu-phe-CH^a and Boc-gly-leu-phe-CB2Q produce similar inhibitoiy ^ects. 
Ihus, the blocking group is not shown to have a great ^ect on Ca^ain inhibitory 
activity. 

The kinetic constants of other irreversible Calpain Ihlubitors indude the 
following with Kapp/P] in parentheses: E-64 (7500), E64-d (23000) and 25-leu-leu-tyr- 
CHN2 (230000). E-64 is commercially available from Sigma Chemical Co., and is 
shown here to be a poor inhibitor of Ca^ain. Z-leu-leu-tyr-CHNj is a diazomethyl 
pqitide compound, here shown to possess significant Calpain inhibitoiy activity. 

2. Inbibition of Calpain in Neural Tissues 
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In order to evaluate the inhibition of Calpain by the various Calpain Inhibitors 
in neural tissues, we assayed the Calpain Inhibitors using th known ability of Calpain 
to cleave spectrin, a protein component of neuronal and other tissue, into BDF's. Li 
this assay, more effective Calpain Inhibitors will prevent the conversion of spectrin into 
5 BDF's. Example 2 is one example of such an assay. 

EXAMFLE2 
Inhibition of Calpain in 
Crude Brain Extracts bv Calpain Inhibitors 

The activi^ of Calpain in crude brain extracts was measured by examining the 

10 Ca^"** -stimulated proteofysis of the endogenous substrate spectrin. Brain tissue was 

homogenized in IQmM Tris pH«7.4, 032M suctosc, ImM EGTA, ImM dithiothreitol 
and the nudei and debris removed fay low speed centrifiigation. Various Calpain 
Inhibitors were added to the supernatant in a DMSO vehicle and a calcium salt (final 
effective concentration about 1.2mM) added to start the reaction. Proteolysis of 

IS spectrin was evaluated by western blot as described by Seubert, et al. (Brain Research, 
459:226-232, 1988), the disclosure of which is hereby incorporated by reference. 
Briefly, a known quantity of a ^ectrin-containing sample treated with Calpain is 
separated by SDS-FAGE and immunoblotted with anti-q>ectrin antibody. The amount 
of spectrin inununoreactivity found corresponding to the characteristic BDFs is 

20 indicative of the amount of ^ectrin activity present in the sample. An examplary 

method for quantitating BDP*s is to assay Spectrin BDP's by homogenizing brain parts 
in 20mM Tris pHb7.2, 32M suo-ose, 50)iM Ac-Leu-Leu-nLeu-H on ice. Homogenates 
are then mixed 1:1 with 10% SDS, 5% fi-mercaptoethanol, 10% glycerol, lOmM Tris 
pH»8.0, 0.5% bromophenoMue, heated to 95'' C, and subjected to electrophoresis in 

25 4-1/2% pofyaoylamide gels. Hie proteins in the gels are transferred to nitrocellulose 
and the spectrin and BDP's detected using a rabbit pofydonal anti-spectrin antibody 
and established immunodetection methods. The amount of spectrin and BDP's in each 
sample can be quantitated by densitrometric scanning of the developed nitrocellulose. 
Due to Calpain's requirement for Ca^*^, in the absence of Ca^*^ little or no 

30 spectrin proteolysis occurred, regardless of the presence of inhibitor, while in the 

presence of Ca^"*" the spectrin was >95% cleaved to BDP's within 40 min. if no Calpain 
Inhibitor is added. 
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Both leupeptin and CEl showed inhibition in the system of Example 2. In 
addition, the following compounds of the Substituted Heterocyclic Compounds were 
found to produce significant inhibition at 100 iiM: 

3-chloroisocoumaiin 
5 3,4*dichloroisocoumarin 

3-ben2yloxy-4-chloroisocoumarin 

7-(acetylamino)-4-dhloro-3-(propQ3cy)-isocoumarin 

4«chloro-3-(3-isothiureidopropo37)isocoumarin 

7-amino-4-chloro-3- 
10 (3-isothiureidopropaxy}isocoumarin 

7-(ben2yIcarbamoylamino)-4-chloro-3- 

(3-isothiureidopropoxy)isocoumaiin 
7-(phenylcarbamoylamino)^-chloro-3- 

(3-isothiureidopropo}7)isocoumarin 

15 7-(acetylamino)-4-chloro-3* 

(3-isothiureidopropo37)isocouma£in 
7-(3-phenylpropionylamino)-4-chloro-3- 

(3-isothiureidqpropo}7)isocouniaiin 
7-(jphenylacetylamino)-4«chloro-3* 
20 (3-isothiureidopropoxy)isocoumarin 

7-(L-phenylalanylamino)-4-chloro-3- 

(3-isothiureidopropo:7)isocoumarin 
7-(ben2yIcarbamoylamino)-4-cfaloro*3* 

(3-isothiureidoethQxy)isocoumarin 
25 7-(phenykarbamoylamino)-4-chloro-3« 

(3«isothiureidoetho^)isocoumarin 
7-(D-phenylaIanylamino)-4-diIoro*3- 

(3-isothiureidoethoxy)isocoumann. 
The following compounds of the Halo-Ketone Pq)tides were also found to 
30 produce significant inhibition at 100 ^M: 

Z-Leu-Fhe-Cma 
Ac-Leu-Fhe-Cma 
Z-Gly-Leu-Fhe-CB2a 
Boc-Gly-Leu-Phe-CH2a 
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Ac-Val.Phe-CH2a 
Z-Gfy-Leu-Ala-CmCL 

In addition, the following compounds of the Fq)tide Keto>Compounds were 
found to produce significant inhibition at 100 tiM: 
5 Bz-DL-Phe-COOEt 

Z>Leu-I^a-COO£t 
2^Leu-Nle>CX>0Et 
Z"Leu-Fhe-CCX)£t 
Z-Leu-Abu-COO£t 
10 Z-Leu-Met-COOEt 

Z-Ala-Ala*DLrAbu-COOEt 

MeO^uc-Val-Pro-DL-Phe-COOMe 

Z-AIa-Ala-Ala-DL-AIa-COOEt 

MeO-Suc-Ala-Ala-Fro-DL-Abu-COOMe. 
15 Z-Leu-Phe-COOEt 

Thus, the Substituted Heterocyclic Compounds, Peptide Keto-Compounds and 
Halo-Ketone Peptides, in addition to leupeptin and Ql, provide inhibition in brain 
homogenates. 

3. In VivQ Inhibition of Neurodegenenition throu^ Inhision Techniques 
20 In order to demonstrate that the inhibition of Calpain activi^ alone is sufficient 

to inhibit neurodegeneration in vivo, we tested the ability of the Calpain Inhibitor, 
leupeptin, to inhibit neurodegeneration in gerbils subjected to transient ischemia. 

As stated above, leupq)tin is poorly membrane permeant. Therefore, leupeptin 
is not expected to cross the blood-brain barrier ("BBB") veiy well Accordingly, in 
25 order to provide the brain with sufiSdent leupeptin to adequately inhibit Calpain 

activation, we used brain infusion techniques, llu'ough the use of these techniques we 
were able to subject brain tissues to intimate contact with leupq>t]n for sustained 
periods of time. Example 3A is provided to show the in vivo protection from 
neurodegeneration found during one such study. 
30 EXAMPLE 3A 

In Vivo Protection Against Neurodegeneration 
A small cannula was inq)lanted in th right lateral ventricle of adult gerbils, and 
secured to the skull with dental cement An Alzet mi^o-osmotic pump was attadied to 
the cannula for intracerebroventricuiar poiiision. The pump was filled with either 
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saline alone (control) or leupeptin (20 mg/ml in saline). After three days perfusion 
with either the control solution or with the leupeptin solution, transient isdiemia was 
induced by bilaterally damping the carotid arteries for a period of ten minutes. Core 
temperatures were taken during and following isdiemia, with no differences noted 
5 between control and leupeptin treated animals. Fourteen days later, the animals were 
sacrificed fay Nembutal overdose and transcardial perfusion of a 10% solution of 
paraformaldehyde in PBS. Coronal sections of the brain were stained with cresyl violet 
and were examined for the extent of neuronal loss. Ihe control gerbils exhibited the 
typical damage found in the CAl fidd following ischemia, with a 72% loss of neurons. 
10 However, the leupeptin treated gerbils showed far less neurodegeneration, with onty a 

15% loss of neurons. 

The results of Example 3A cannot be ejsplained by changes in thermoregulation, 
since core temperatures did not differ between the groups. Accordingly, we bdieve 
that the Calpain inhibitoiy activity of leupeptin is responsible for the observed 

15 differences in neuronal cell loss. Li order to further quantitate the differences, and 

verify that leupeptin produced a Calpain inhibitoiy effect within the observed regions of 
the brain, we performed a related series of experiments. In this series of experiments, 
spectrin BDP's were measured in the leupq)tin treated and control animals. As 
discussed above, these BDP's are indicathre of the amount of Ca^ain activity occurring 

20 within the tissue. Example 3B is provided to demonstrate the results of these 
experiments. 

EXAMPLE 3B 
Tn \^o Inhibition of Caloain Activitv 
Implantation surgeries and clamping of the carotid arteries were performed as 
25 above with a conteol-ischemia group (n«4) and a leupeptin-ischemia group (n=5). A 
third group of animals (n=4) received implantation with pumping of saline, but was not 
subjected to jfi/^hemia. Animals were sacrificed by decapitation 30 minutes after 
riflTTipiTig of the arteries. The brains were rapidly removed and placed in cold 
homogenization buffer (032 M sucrose, 10 mM Tris-HO, 2 mM EDTA, 1 mM EGTA, 
30 100 |iM leupeptin and 1 |ig/ml of the Halo-Ketone Compound, tos-phe-CH2Cl 

(TPCK)). The CAl region of the h^>pocampus was then dissected. The samples from 
botfi control and leupeptin treated animals were then prepared for SDS-PAGE and 
immunoblotting with labded anti-spectrin antibody, as desaibed above in connection 
with in vitro uses f the Ca^ain Inhibitors. The contrd animals exhibited a marked 
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increase in the levels of BDP's relative to the gerbils not subjected to isdiemia. These 
BDP's co-migrated with BDP's observed after in vitro proteolysis of ^ectrin with 
Calpain. The brain tissue from the leupeptin treated gerbils exhibited approximately 
25% of the BDP's observed in the control ischemia treated gerbils. 
S Another group of gerbils (n»3) were sacrificed immediately after ischemia 

without leupeptin treatment in order to observe the effects of ischemia without 
reoxygenation. These gerbils exhibited a similar amount of increase of BDP's as the 
control-isdxemic gerbils observed after a 30 minute reperfusion period 
Thus, the results of Example 3B indicate that leupqptin exerts its 
10 neuroprotective effect through the inhibition of Calpain activation. Tlie results also 
indicate that the observed proteolysis of spectrin was an effect of ischemia, and not 
secondaiy to the reo}9genation. Accordingly^ the results indicate that inhibition of 
Calpain activi^ in vivo produces a neuroprotective effect. 

Althougih the foregoing studies demonstrate that leupeptin can inhibit 
15 neurodegeneration in vivo, leupq)tin is not the therapeutic drug of choice because of 
the need to infuse the drug direct^ into the brain for an extended period of time to 
exert its neuroprotective ^ect. This is due to the relative^ poor ability of this 
compound to cross the BBB. According!^, it is believed that a more therapeutically 
practical way to inhibit neurodegeneration would be to use more membrane permeant 
20 Inhibitor of Calpain. 

4. Platelet Permeability 

In accordance with our discoveries demonstrated in Examples 3 and 3A, we 
believe that having a compound cross the BBB and enter CNS tissue is a 
charaaeristic of a therapeutically useful approach to treat or inhibit neurodegeneration 

25 within the CNS. Use of Calpain inhibitors that have enhanced membrane permeability 
is one sudi approach. 71ms, we measured the ability of various Calpain inhibitors to 
penetrate the platelet membrane and inhibit Calpain that is normally contained in 
platelets. As shown below in the following examples, our results indicate that particular 
compounds of the Heterocyclic Con^unds, Pqitide Keto-Cdmpounds and Halo* 

30 Ketone Pq)tides, in addition to the Pqitide Aldehyde, Ql, exhibit good membrane 
permeability. 

As an indication of the membrane permeability of the various Calpain 
Inhibitors, we measured the abili^ f various Calpain Inhibitors t penetrate platelet 
membranes and inhibit the Calpain normal^ found within platelets. Tlie membrane of 
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platelets is believed to have many similarities to the BBB and accordingly, such 
ejq)eriments are believed to provide a good indication of the ahi% of the various 
Calpain Inhibitors to aross the BBB. Example 4 shows the results of some of these 
platelet e5)eriments using the Calpain Inhibitors of the present invention. 
5 EXAMPLE 4A 

; ^embrane Permeation of Calpain Inhibitors 
Platelets were isolated by a modification of the method of Ferrdl and Martin, L 
BioL Chem.. 264:20723-20729 (1989), the disclosure of which is hereby incorporated by 
reference. Blood (15-20 ml) was drawn from male Sprague-Dawley rats into lOQmM 

10 EDTA-dtrate containing 10 units heparin, and centrifuged 30 minutes at 1600 ipm at 
room temperature. The plasma was resuspended in 15ml buffer 1 (136mM NaO, 
2.7mM Kd 0.42mM NaH2P04, 12mM NaHC03, 2mM MgCl2, 2 mg/ml BSA (Sigma), 
5.6mM glucose, 22mM Na3Citrate pH 6.5) and platelets were isolated at 2200 ipm at 
room temperature of 25 minutes. Platelets were resuspended to lO'^ cells/ml in buffer 

15 2 (136mM Nad, 2.7mM Xa 0.42 NaH2P04, 12mM NaHOOj, 2mM MgCa, 1 mg/ml 
BSA, 5.6mM glucose, 20mM HEPES pH 7.4) and allowed to "rest" for a minimum of 
10 minutes at room temperature before use. 

Platelets were incubated for 5 minutes in the presence of inhibitor. In order to 
provide sufficient intracellular calcium to activate Ca^ain, the calcium ionophore 

20 A23187 was added to a final concentration of l|iM. Aft^ a further 5 minute 
incubation, the platelets were harvested by centrifagation (1 min 10,00Qxg) and 
resuspended in 10% sodium dodecjd sulfate, lOnM Tris pH=8.0, 5% 
JB-mercaptoethanol, 0.02% bromophenol blue, and heated to 95** C for 5 min. 
Samples were subjected to SDS-PAGE on 6% mini gels and transferred to 

25 nitrocellulose (Schleicher and Schuell BA83) for 2 hours at lOOmA/gd in an LKB 

NovabloL Filters were blocked for 10 minutes in 0.25% gelatin, 1% BSA, 0.25% Triton 
XlOO, 0.9% NaO, lOmM Tris-Q pH 7,5, incubated overnight in the same sohition 
containing antibody to rat qiectrin, washed 3 X 10 minutes with lOmM Tris-Q pH 7.5, 
0.5% Triton XlOO, incubated 4 hours in wash buffer phis alkaline phosphatase 

30 conjugated goat anti-rabbit antibody (Biorad), and washed as above. Filters were 

developed using the Biorad AP conjugate substrate kit Spectrin inununoreactiviiy on 
the filters was quantitated fay densitometiy. 

The inhibition of Calpam within platelets as.measured by the proteolysis of the 
endogenous Calpain substrate spectrin in the presence of inhibitors was assayed for a 
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variety of Calpain Inhibitors. Hie poorly penneant inhibitors leupeptin and E-64 had 
litde effect on intracellular Ca^ain. In contrast, the highly membrane permeant 
Heterocyclic Compounds, Peptide Keto-Compounds, and Halo-Ketone Pq)tides 
effectively inhibited platelet Calpain. 

The following Heterocyclic Compounds were found to produce significant 
inhibition at 100 |tM in the system of Example 4: 

3-chloroisocoumarin 

4«chloro-3*(3-isothiureidppropoxy)isocoumarin 
7-amino4-chloro-3- 

(3-isothiureidopropoxy)isocoumarin 
7-(ben^lcarbamoyiamino)-4«chIoro.3- 

(3-isothiureidopropo3Qr)isocoumarin 
7-(phenylcaibamqylaniino).4.chloro.3* 

(3-i50thiureidopropo}Qr)isocoumarin 
7-(acetylamino)-4-chloro-3- 

(3-isothiureidopropoxy)isocoimiarin 
7*(3-phenylpropionylamino).4-chloro-3- 

(3-isothiiireidopropoxy)isocoumarin 
7-^henyIace^lamino)-4-diloro-3- 

(3*isothiureidopropoKy)isocoumarin 
7-(L*phenylalany]amino).4<hIoro-3* 

(3*isothiureidopropo37)isocoimiarin 
7*(benzylcarbamoylamino)-4-chloro«3o 

(3-isothiureidoetho^)isocoimiann 
7*(phenyIcarbamoylamino)-4H:hloro-3- 

(3*i5othiureidoethoxy)i5ocoumarin 
7-(D-phenylaIan}iamino)^-chloro-3* 

(3-i50thiureidoetho}^)isocoumarin. 
The following Halo-Ketone Peptides were found to produce significant 
inhibition at 100 |iM in the system of Example 4: 
2L*Leu-Phe-CH2a 
Ac-Leu-Phe*CH2a 
Z-Gly-Leu-Phe.CH2a 
Boc-Gfy-Leu-Phe-CH2CL 



ftl IRSTITUTE SHEET 



wo 92/11850 



PCr/US91/09786 



-96- 

The following Peptide Keto-Compounds were found to produce s igni fica nt 
inhibition at 100 [iM in th system of Example 4: 

Z-Ala-Ala-D,DAbu.COOEt 

Z-Ala-AIa-Ala-D^L-Ala-COOEt 
5 MeO-Suc-Ala-AIa-Pro-DJ/-Abu-COOMe 

Z-Leu-Phe-COOEt 

Z-Leu-Nle-COOEt 

Z-Leu-Nva-COO£t 

ZrLeu-Abu-COOEt 
10 Z-Leu-Abu 

Z-Leu-4-a-Phe.COOEt 

Z-Leu-Leu-Abu-COOEt 

Zieu-Leu-Phe-COOEt 

2-NapS02-Leu-Abu-COOEt 
15 2-NapS02-Leu-Leu-Abu-COOEt 

ZpLeu-Met-C02Et 

Z-Leu-NLeu-CX>2Et 

Z-Leu-Phe-C02Bu 

2^Leu-Abu-C02Bu 
20 Z-Leu-Phe-C02Bzl 

Z-Leu-Abu-CO^Bzl 

Z-Ala-Ala-DJ/^Abu-COOBzl 

Z-Leu-Phe-COOH 
Z-Leu-Abu-COOH. 

25 Among those compounds found to eadiibit Calpain inhibitoiy activity in the 

homogenate system of Example 2, we found at least three compounds which failed to 
exhibit Calpain inhibitoiy activity in the platelet system of Example 4. These 
compounds are leupeptin, MeO-SucpVal-Pro-DJ>Phe-COOMe and Bz-D,L-Phe- 
COOEt Leupeptin is known to be poorly membrane penneant, thus confirming that 

30 the platelet assay will exdude known poor^ membrane permeant compounds. 

Accordingly, the two Peptide Ketocompounds found not to provide Calpain inhibitoiy 
activity within platelets are also believed to be pooify membrane permeant, and would 
not be eq>ected t cross the BBS. 

EXAMPLE 4B 
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Quantitative Studies of Platelet Membrane Permeability 
We performed additional quantitative or semi-quantitativ studies on several 
Peptide Keto-Compounds using the assay of Example 4A, except that IC5Q values were 
determined as the concentration at which 50% of the Calpain activation present in 
5 controls occurred. Results are shown in Table 4B. For the semi-quantitative assays, 
indicated with 4*'$ in Table 4B» indicates detectable inhibition at 100 |iH 
indicates significant^ more inhibition than "+", and **+ + indicates no detectable 
activation of Calpain detected. 
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TABLE 4B 

Platelet Assay of Peptide Ketosmldes, Ketoesters and Ketoadds 





Inhibitor 




5 








[z-Leu-Abu-COOEt 


42 




Z-Leu-Abu-COQnBu 


28 




Z-Leu-Abu-COOBz 

■ 


++ 




Z-Leu-Leu-Abu-COOEt 


40 


10 


2-NapSO^Leu-Leu-Abu-CX)OEt 


100 




Tos-Leu-Leu-Abu-COOEt 


30 




Z-Leu-Abu-COOH 


8 




Z-Leu-Abu-CONHEt 


U 




Z-Leu-Abu-CC»IHi)Sr 


70 


15 


2Meu-Abu-CONHi)Btt 


2.0 




Z-Leu-Abu-CONHiBu 


28 




Z-Leu-Abu-CONHBz 


L5 


■ 


Z-Leu-Phe-COOEt 


42 1 




Z-Leu-Phe-COOnBu 


+ + + 


20 


Z-Leu-Phe-COOBz 


+ + 




Z-Leu-Leu-Phe-COOEt 


+ + 




Z-Leu-Phe-COOH 


65 




Z-Leu-Phe-CONHEt 


1.7 




Z-Leu-Phe-CONHiDPr 


24 1 
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Inhibitor 


IC50 


Z-Leu-Phe-CONHnBu 


38 


Z-Leu-Phe-CONHiBu 


22 


Z-Leu.Phe-CONH(CH2)2Ph 


3.0 




20 


Z-Leu-Nva-COOEt 


40 


Z-Leu-Miet-COOEt 




ZrLeu:4-a-Phe-COO£t 


+ 



Table 4B shows that peptide a-ketoamides and ketoadds were much more 
10 effective than corresponding peptide ketoesters in this platelet assay. Extending the 
R3 group to an alkyl group or an alkyl group substituted with a phenyl group increased 
the membrane permeability of the inhibitors as indicated by increased potency in the 
platelet assay. In view of these results, Applicants believe that extending the R group 
to include longer allgd groups or alkyl groups substituted with phenyl groups would 
15 increase the membrane permeability of a given inhibitor. 

In view of the foregoing, the results of Examples 4A and 4B support our belief 
that CIl and the Substituted Heterocyclic Compounds, Peptide Keto-Compounds and 
Halo-Ketone Peptides are believed to be membrane permeant and therefore, are 
expected to be effective in crossing the BBB subsequent to in vivo administration of the 
20 compounds. 

5. Glutamate Toxicity 

To further identify those Calpain Inhibitors likely to possess pharmacologically 
active neuroprotective ability, we tested the ability of the Calpain Inhibitors to protect 
against glutamate exdtotoxicity. Excess extracellular glutamate is thought to play a key 
25 role in the induction of neuropathology in isdiemia, whidi is accompanied fay Calpain 
activation. In support of this role for excess glutamate, cultured N18-RE-105 (a 
neuroblastoma-retinal hybrid) cells can be killed by the addition of glutamate into the 
culture medium. Iliis glutamate-mediated Qtotoxidty is calcium dependent and can be 
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reduced throu^ a jiiimber of mechanisms, including free radical scavengers^ blockers of 
the N-type VGltage-sensitive calcium channel, and quisqualate-subtype glutamate 
antagonists. Thus, glutamate^mediated killing of N18-RE-105 cells is an in vitro model 
for neuropathology. 

5 According]^, we tested the ability of the Calpain Inhibitors to inhibit glutamate- 

induced cell death in these cells in order to establish that the Calpain Lihibitors can 
decrease or prevent ghitamate-induced death Of N18-KE-105 cells. Some of these tests 
are shown in Example 5. 

EXAMPLES 

10 Inhibition of Glutamate-lhduced Cell Death 

Stock cultures of N18-RE-105 cdls were maintained in Dulbecco's modified 
Eagle's medhun (DMEM) containing 10% fetal bovine serum (FBS) and supplemented 
with hypoxanthine, amincptenn and thymidine (HAX). Subconfiuent cultures were ^lit 
and plated into 96-well plates. IWenty-four hours after plating the cdls were exposed 

15 to fresh media containing ghitamate and various concentrations of Calpain inhibitors. 
Control cells were not treated with glutamate. The treated cells received 5mM 
glutamate and leupeptin (S|ig/ml) or the other Calpain Inhibitors listed in Figure 1 at 
3|xg/mL Conversion of MTT was measured 19 hours later as described. Nineteen 
hours after the onset of exposure, cell viability was quantitated by measuring the extent 

20 to which the ceUs conv^ 3(4,5-<iimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide 
(MTT) to a blue formazan product, whidi occurs in the mitochondria of living but not 
dead cells (Pauwels et aL, 1988). A higher absorbance is indicative of greater cell 
viability. 

Figure 1 shows the percent of hhie formazan product remaining after treatment 
25 with glutamate, relative to control where no glutamate was added Thus, it can be seen 
that with vehicle plus glutamate but no inhibitor, less than 70% of the mitochondrial 
activity remains. However, Figure 1 shows that several Ca^ain inhibitors, including 
leupeptin, dl and rq^resentatives of the Heterocyclic Compounds, Peptide Keto- 
Compounds and Halo-Ketone Peptides protect N18-RE-105 cells against ^utamate 
30 tcoddty. The Peptide Keto-Compound Calpain inhibitor, ZrAk-^ 

Substituted Heterocyclic Compounds, CCEPrOIC and ACTIIQ and the Halo-Ketone 
Peptide, TPCK completely blodced the toxic ^ects of glutamate, resulting in 100% or 
greater of the formazan product as seen widi cells not treated with gihitamate. Thus, 
Example 5 shows that these Ca^ain Inhibitors effecthrefy block cell death in an in vitro 
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modd. for neuropathology. Accordinglyi this data further supports oiu* discoveiy that 
Calpain Inhibitors are neuroprotective in vivq. 

6. Reduction of Infarction upon MCA Ocdusion 
Stroke is a significant health problem in the human population. Strokes are 
5 occlusions of cerebral arteries producing a decreased blood flow to brain regions, which 
cause cell death through oxygen and nutrient deprivation. This type of lesion can be 
modeled in rats fay surgical ocdusion of the middle cerebral arteiy (MCA). Several 
models for MCA ocdusion have been developed, and all give substantial^ similar 
results. 

MCA ocdusion produces a large volume of infarcted brain tissue 24 hours after 
ocdusion. Previous studies have shown that the size of the infarct as judged by TIC 
staining does not increase after the first 24 hours post-oodusion. Thus, we used an 
^MCA ocdusion mddd in order to test the ability of Ca^ain inhibitors to prevent 
neurodegeneration. This modd is described in Example 6. 
IS EXAMPLE 6 

MCA Ocdusion M odel for Neurodegeneration 
Male Sprague-Dawl^ albino rats weighing approximately 250-300 grams were 
anesthetized with pentobarbital (70 mg/kg, ip.). The nedc region was shaven and a 2 
cm incision was made. The superficial fascia was teased away with tissue forceps and 
20 blunt tip tissue scissors using a spread method. The right common carotid arteiy was 
isolated away from the vagus nerve and tied off with a single suture (3.0 silk). Ihe 
external carotid was permanently ooduded fay suturing. The bifurcation of the internal 
carotid and pterygopalatine arteries was e3q>osed and a single microaneuiysm dip was 
placed on the pterygopalatine. Another microaneurysm dip was placed on the conunon 
25 carotid just proximal to the external/internal bifurcation. A suture was placed loosdy 
around the common carotid and a lumen was made in the vessd with the tq) of a 25g 
needle. A 40 mm nylon suture was prepared by mdting the tq) to smooth the pointed 
end and marked with a dot exactfy 175 mm from the melted end The suture was 
inserted into the lumen of the artery as frur as the vessd dip, the d^ is removed and 
the suture advanced tmtil the marking was at the bifurcation of the internal and 
external carotid arteries. This places the aid of the suture in the cirde of just 
beyond the source of the middle cerebral artery and oodudes this artery. The loose 
suture around the carotid is tied lightfy to keep the iQrlon suture in place. The 
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microaneuiysm dip on the pteiygopalatine artery was removed, th indsirai is dosed 
and the animaJs are allowed to recover in heated recovery cages. 

TwMity-four hours after ocdusion, the brains of these animals were removed 
and sliced into 2mm sections. The sections were stained using 23,5- 
5 triphenyltetrazolium chloride (see Lundy, EF, Solil^ BS, Frank, RS, Lacy, PS, Combs, 
DJ, Zdenock, GB, and D'Alety, LG, Moiphometric evaluation of brain infarcts in rats 
and gerbils, /. PharmacoL Meih. 16,201-214, 1986). Absence of red color development 
indicated tissue damage or death. Ihe sizes of the infarcted tissue zone (area with red 
stam) and impaired zone (area with partial development of red color) were evaluated 

10 using quantitative morphometry. 

Drugs or vehide were administered by infusion into the femoral vein. All 
ani'm als received the same volum e of drug or vehicle (20% dimethyl sulfoxide/80% 
propylene glycol) via a catheter attached to an Alzet osmotic minipump (24 hr pump, 8 

ul/hr, 90 ul total vohune). 

15 Uie modd of Example 6 was used to determine the size of infarcted area for 

control (vehide, £v.) and with administration of each of two Calpain inhibitors: Z-Leu- 
Phe-CONB-Et (CX269) and Z-Leu-Abu-CONH-Et (CX275). Ihese results are 
depicted graphicalfy in Figure 2. It can be seen that administration of either of the 
Calpain inhibitors Z-Leu-Phe-CONH-Et (CX269) or Z-Leu-Abu-CONH-Et(CX275) 

20 produces a reduction in the size of the in£arcted area. 

7. Mabition of Anoodc and B^voxic Damage 
The CAl region of hippocampus is a brain area particularly vuhieraMe to 
isdiemic damage and other insults invohdng eadtatoiy amino adds. The hippocampus 
is also a major focus of cdl degeneration in Alzheimer's disease. Neural cells in slices 

25 degenerate foUowing hypoxia through the same chain of events (including reperfusion 
effects) observed in vivo during and after isdiemia. We believe that studies of 
degeneration of neural slices in the presence of the various Calpain Inhibitors is an 
effective indicator of the membrane penneance of the Calpain Inhibitors. Accordingly, 
we believe ftat these studies provide a modd for the treatmoit and inhibition of 

30 neurodegeneration iQvjva- Similar studies for detennining the efBcaqr of compounds 
usefiil in the treatment of neurodegeneration in accordance with the present invention 
can be performed using other models, such as protection against d^eneration in 
platdets or cells in culture. 
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It is believed that hypoxia is a major cause of neurotoxicity in a varie^ of 
neurodegenerative diseases and conditions, such as strok and head injuiy. Thus, we 
conducted fixrther studies using hq>pocampal sUoes to show that the various 0»1 pain 
inhibitors, advantageous^, can increase survival of hq)pocampal nerve cells during 
exposure to h3fpQxic or anoxic conditions. An initial screening procedure was £rst used 
to qualitative^ determine whether the various Calpain Inhibitors can provide 
neuroprotection from anoxia in luppocampal slices. An example of these initial 
screening procedures is shown by Example 7A. 

EXAMPLE 7A 



Initial Screen for Inhibition of Anoxic uai 
Hippocampal slices (400 um) were prepared from Sprague Dawley rats (6 to 7 
weeks) and maintained in an inteifiaoe diambw at ZS^'C using convrational techniques, 
ie., the lower surface of the slice received a constant perfiision (0.5 ml/min) of ACSF, 
while the iq)per surface was exposed to a moist atmosphere of 02:C02 (95%:S%) 
exchanged at a rate of 2 L/min. The ACSF medium contains (in mM): Naa(124), 
KQ (3), KHPO4 (2.5), CaCa^ (3.4), HOICO^ (26) and D-Glucose (10). Field excitatory 
post-synaptic r6q)onses were recorded from stratum radiatum of CAlb in response to 
stimulation of Schaffer-commissural fibers in CAla or CAlc. The dqpth of the 
recording electrode was optimized and evoked responses w»e collected at a rate of 
one evoked response eveiy 30 seconds. 

For the initial screening procedure^ 14 to 16 slices are harvested from the 
hippocampus of a single rat and placed in a coxnmon ACSF bath. Each slice is tested 
in sequence to determme the magnitude of its pre-anoxic evoked req}onse. Five 
stimulation pulses (each 0.1 ms (millisecond) in duration) were presented over a 15 
second interval The largest evoked response was noted and recorded for each slice. 

Following this, the slices were incubated for one hour, with either drug or 
vehicle alone added to the ACSF. After the one hour drug incubation period, the 
oxygen-enriched atmosphere of the chamber was made anoxic by substituting nitrogen 
for oxygen (N2 « 95%; CO^ « 5%). Hie slices were retained in this anoxic 
environment for 10 minutes, following which the o^gen-enriched atmosphere (O^ « 
95%; CO2 « 5%) was reestablished. 

The slices were given the pportunity to recover for 30 minutes following 
reoxygenation whereupon each was stimulated and the maximum ev ked potential 
detennined, as described above during the pre-anoxia period Those slices which, after 
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ancBda, produced a majomum evoked potential of greater than 50% of that observed 
prior to anoxia were defined as surviving slices. 

Results of the studies of Erample 7A are shown in Figure 3. Figure 3 shows 
the effects of CX218 (Z-Leu-Abu-C02Et, a Peptide Keto-Compound), and Ql relative 
to control slices on survival of hqjpocampal slices e^osed to 10 minutes exposure of 
anoxic atmosphere. As seen in this figure, when the control slices are deprived of 
ojgrgen for 10 minutes in the absence of dru& virtualfy all fail to survive, as measured 
by their ability to elicit 50% of their pre-anoxia evoked response. In accordance with 
this finding, few if any recover upon reoxygenation. Figure 3 also shows that when Ol 
or CX218 are added to the ACSF, the slices are protected from Uie effects of anoxia, 
evidenced by a substantial proportion of slices eliciting evoked potentials. 

Finally, it can be seen that CX218 is significantly more effective in protecting 
against anoxia and preventing degradation of sKces at the minimal 1 hour incubation 
time, and at lower concentrations than Ol. Hus effect is beUeved to be due to the 
superior membrane permeance of the Pq>tide Keto-Compounds. 

Table 7A shows further data from the studies of Example 7A. 
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TABLE7A 

PERCENT OF SUCES SURVIVING TEN MINUTES ANOXIA 



Compound 


Dose (pM) 


Incubation Time Su^yiya^ 


Control 




1 hour < 1% 


Leupeptin 


1000 


3 hours 50% 


ai 


200 


2 hours 53% 


CX13 (SHC) 


20 


1 hour 50% 


CX89 (CKP) 


50 


1 hour 50% 


CX218(FKC) 




1 hour 70% 



10 It can be seen from the data in Table 2 that all of the Calpain Inhibitors tested 

provide increased survivaL CX13 (ACTIIQ a Substituted Heterocyclic Compound 
(SHC)), CX89 (Boc-Gly-Leu-Phe-CHjO, a Halo-Ketone Peptide (HKP)) and CX218 
((Z-Leu-Abu-C02Et, a Peptide Keto-Compound (PKC)), are each shown to be highfy 
effective in influencing survival times. Leiq>eptm is seen to be the least effective 

15 neuroprotective. Thus, we believe that CX13, CXB9 and CX218 (Z-Leu-Abu-C02Et) 
are more effecthre in influencing survival because of their mraihrane permeabili^. 
Accordingly, die results shown in Table 7A support our belief that Calpain Lihibitors 
with membrane permeability are effective neurc^rotectants. 

To further elucidate the ability of CaJpain Lihibitois to provide neuroprotection 

20 to hy)pocampal slices, and to provide a more quantitative indication of the membrane 
permeability of these Ca^ain Ihhihitorst we measured the effect of various Calpain 
Inhibitors on the evoked response on a single neuronal slice before, during and after 
anoxia. These studies are shown in Example 7B. 

EXAMPLE 7B 

25 Inhibition of Anmc Damage 

As in Example 7A, hippocampal slices (400 jim) were prepared from Sprague 
Dawlqr rats (6-7 weeks) and maintained in an interbce diamb^ at SS^'C using 
conventional techniques, ie. the lower sux&oe of the slice received a constant perfusion 
(0 J ml/min) of an artificial oerebro^inal fluid (ACSF), while the upper surface was 

30 exposed to a moist atmosphere of 02:C02 (95%:5%) exchanged at a rate of 2 L/min. 
Ihe ACSF medium contains (in mM): NaQ (124), KQ (3), KHPO4 (1.25), MgS04 
{25), CaQj (3.4), NaHC03 (26) and D^lucose (10). Field excitatory post-synaptic 
re^nses were recorded from stratum radiatum of CAlb in response to stimulation of 
Schaffer-commissural fibers in CAla rCAla The depth of the recording electrode 
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was optimized and evoked responses were collected at a rate of one evoked response 
every 30 seconds. 

After establishing a stable baseline of evoked responses (approximately 10 
minutes), ACSF containing Calpain Inhibitor was washed into the chamber and slices 
5 were incubated for a period of one hour. After incubation, evoked responses were 
again recorded and the change in the amplitude of the responses from baseline levels 
was noted. No effect of the inhibitors tested on baseline evoked responses was 

observed 

For anoxia ejcperiments, incubation in the drug-containing medium was followed 
10 lyrcpkcementofthe02:C02(95%:5%)atmos5)herewithN2:C02(95%^^ Slices 
were eaqiosed to this anoxic mvironment until disappearance of the pre-synaptic fiber 
volley and for two minutes (severe anoxia) longer (total time in anoxic environment 
approximatefy 7-8 minutes in control case). Effects of Calpain Miibitors on the 
functional recovery of the slices after the anoxic episode were then measured 
15 Recovery of the evoked potential ^PSP) slope and ampKtude by the drug treated 
slices can be compared to control slices to determine the relative efficacy of various 
Calpain Inhibitors. 

Figure 4 shows the EPSP amplitude in millivolts for control, CIl treated and 
CX218 (a Peptide Keto-Compound) treated h^pocampal slices in the studies of 

20 ExampleTB. It can be seen in Figure 4 that the control slices deprived of o^gen in 
the absence of drug display a gradual reduction of EPSP and abruptly lose fiber vollq^ 
activity about 5-6 minutes after the beginning of anoxia. Reoxygenation ^t or before 
this point leads to complete fimctional recov^ after about 20 minutes of 
reoxygenation, but reojgrgenation afta this point does not In the latter case the 

25 recovered EPSP slope arid amplitude become progressive^ reduced as the duration of 
anoxia post-fiber volley disappearance ^st-FVD) increases. After severe anoxia (2 
minutes post-FVD), slices recover onty 15% of the EPSP slope. 

Li contrast to the control slices, recovery begins to occur shortly after the end of 
anoxia for the treated slices. Figure 4 shows a comparison of the effects on EPSP 

30 amplitude produced in the presence of no inhibitor, the Peptide Keto-Compound, 

CX218, (Z-Leu-Abu<:02Et) and CIL CX218 produces a recovery from severe anoxia 

superior to that seen with Ql. 

Figur 5 shows the percent recovery of EPSP from severe hypoxia using the 

peptide ketoester CX 216 (Z^Leu-Phe.C02Et) and its corresponding peptid 
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ketoamide CX269 (Z-Leu-Phe-CONH-Et). Hiese studies were performed in a manner 
similar to that of Example 7B, except using a hypoxic environment in place of the 
anoxia of Example 7B. It can be seen that use of the peptide ketoamide results in 
essential^ complete (near 100%) recoveiy from hypoxia while the peptide ketoester 
produces a partial recoveiy. Ihe control slices esqperienced little or no recovery. 

An interesting characteristic that we have discovered for certain Ca^ain 
Inhibitors is their ability to lengthen the period of e3q>osure to anoxia required to 
produce fiber voUey disappearance (FVD). Typically, under control anoxia conditions, 
fiber vollqr disappearance occurs in less than six minutes (Figur ThePeptide 
Keto-Compound, CX-216, substantial^ lengthens the period of oqposure to anoxia 
required to produce FVD. This is an important advantage of Ae use of this Peptide 
Keto-Compound for neuroprotection because slices can be expected to recover 
completely if reoxygenated before fiber volley disi^pearance. Thus, treatment with this 
Peptide Keto-Compound is e3;>ected to produce a greater percentage of recoveiy of 
cells from incqiient neurodegenerative conditions. It is believed that other 
rq>resentatives of the Peptide Keto-Compounds as well as of other classes of Calpain 
Inhibitors also provide this effect 

Table 7B shows the p^ecentage of recovery of pre-anoxia s^aptic transmission 
(evoked potential amplitude) of slices treated with various Calpain Inhibitors or of 

control slices. M of these slices wm e3q)osed to ten minutes of anoxia according to 
the protocol of Example 7B. 
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PERCENT KECOVERY OF SYNAPHC TRANSMISSION AiTER ANOXIA 



Compound 


Concentration 


% Recovery 


Control 




15 


dl 


200 


35 


CX13(SHC) 


20 


60 


CX89(CKP) 


50 


30 


CX216(PKC) 


100 


38 


CX218 (EKC) 




55 



10 The results shown in TaWe 7B provide fiath^ evidence that the peptide 

aldehyde, C31, as v^rdl as the Substituted Hetercxydic Compounds, Peptide Keto- 
Compounds and Halo-Ketone Peptides are sufSdently membrane permeant to provide 
neuroprotection through Calpain inhibition. 

CIl, which is at least partialfy membrane permeant, produces some rffect, 

15 however, does not significant^ lengthen the period of anoxia required to suppress 

electrical activity. Thus, compared to control, or even compared to leupeptin and CIl, 
the Substituted Heteroqrdic Compounds, Pqjtide Kcto-Compounds and Halo-Ketone 
Pq)tides can inarease the degree of recovery after anffldc episodes while producing the 
additional advantage of extending the amount of time slices can tolerate anoxia (and 

20 thereby recover complete^). 

An important effect of the Peptide Keto-Compounds and other membrane 
permeant Calpain Inhibitors is that they are significantfy more effective in lower doses 
than less permeable Calpain Inhibitors sudi as CIl. Although CIl is shown to be at 
least somewhat membrane permeant due to its ability to affect slice survival, the more 

25 membrane-penneant inhibitors provide significant^ increased protection. Thus, the 
more highfy membrane-permeant Calpain Inhibitors are believed to be espedaDy 
effective in treating and inhibiting neurodegeneratioiL 

The results of the studies of Examples 7A and 7B show that the Substituted 
Heterocyclic Compounds, Peptide Keto-Compounds and Halo-Ketone Peptides are 

30 membrane-permeant Calpain Lihibitors which are believed to be especially effective in 
treating and inhibiting neurodegeneration. The results also show that Peptide Keto- 
Compounds, and perhaps representatives of other classes, can extend the duration of 
anoxia required to suppress dectrical activity in hippocampal slices. As discussed 
above, these effects are important advantages f these compounds. 
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8. In Vivo Neuroprotection by Calpaln Inliibitors 

As discussed above, therapeutics useful for influencing the function of cells 
within the C2^S must cross the BBB to reach their targets within the CNS. Non-BBB 
permeant compounds might, in addition to the brain infusion techniques described 
above, be administered via intraventricular administration, but this also severely limits 
their use&lness in practice. In order to test the in vivo effectiveness of the Calpain 
Inhibitors to cross the BBB and become therapeutical^ useful, we tested the ability of 
intraperitoneal injection of the Calpain Inhibitors to protect against excitotoxic damage 
in vivo. Protection was measured by evaluating changes in behavior of rats after 
injection with kainate. These studies are shown in Example 8A. 

EXAMPLE 8A 

Protection Agains^ IPehavioral Ch anges from Excitotoxic Damage bv Peripherally 

-Administered Calnain Inhibitors 

Rats (male Sprague-Dawley, 200±5 gms) were injected intraperitoneally with 
12mg/kg kainic acid in saline vehicle and ether 200|il DMSO (dimethylsulfoxide) or 
4.6mg calpain inhibitor dissolved in the same volume of DMSO. The rats were 
observed for six hours following the injections and the kainate-uiduced behavioral 
symptoms and convulsions scored on a scale of 0-6 (0= no symptoms; l=wet dog 
shakes; 2 s saltation and chewing; 3= at least one convulsive episode; 4= repeated or 
sustained convulsions; 5 -convulsions, including rearing and falling; 6 "convulsions 
followed by deadi within the 6 hrs post injection). 

Figure 7 shows the effects of CIl on the behavioral and convulsive effects of 
kainic acid. In the control group, over half the animals showed symptoms greater than 
mild behavioral symptoms, and many exhibited overt convulsions, presumably reflecting 
seizure activity within the brain. Unexpectedly, in the inhibitor treated group, the 
incidence and severity of convulsions was reduced. Thus, this data suggests that 
Calpain Inhibitors have an anti-convulsive effect This effect is a distinct advantage in 
the use of Calpain Inhibitors in q)iiepsy-related neurodegenerative conditions and in 
stroke, which is often accompanied by seoures. 

In order to more dearfy demonstrate that the behavioral and anti-convulsive 
effects seen with the Calpain Inhibitors result from inhibition of Calpain we tested the 
brain tissues of the rats from Example 8A for accumulation of spectrin BDF's. As 
discussed above, these BDP's are associated with Calpain activity and with the 
neurodegeneration associated therewith. 
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EXAMPLE 8B 

Protection Against Spectrin Breakdown from Bccitotoxic 
Damage bv Peripherally Administered Calpain Lihibitors 
Four days following the injection of kainate in the rats from Example 8A, the 
S hrains of the rats were removed and assayed for spectrin BDP's. Spectrin BDP's were 
assayed by homogenizing brain parts in 2QmM Tris pH-7.2» 32M sucrose, 50|iM Ac- 
Leu-Leu-nLeu-H on ice. Homogenates were mixed 1:1 with 10% SDS» 5% 
B-mercaptoethanol, 10% glycerol, IQmMTiis pH-8«0, QJS% bromoph^nolblue, heated 
to 95** Q and subjected to electrophoresis in 4*1/2% potiracrylamide gels. The proteins 
10 in the gels were transferred to nitrocellulose and the spectrin and BDP's detected using 
a rabbit pofydonal anti-q>ectrin anfibod{y and established immunodetection methods. 
The amount of spectrin and BDF's in each sample was quantitated fay densitometric 
scanning of the devdoped nitrocellulra& 

Figure 8 shows the results of Example SB. It can be seen that kainate 
15 stimulated the breakdown of spectrin in both Calpain Inhibitor treated and control rats. 
However, treated rats exhibited significant^ less BDF's. These results verify that 
Ca^ain acdadty in the brains of the treated rats was reduced. An unegq>ected 
observation was that even those treated animals that exhibited severe seizures had 
significant^ less spectrin breakdown than untreated animals subjected to kainate. Thus 
20 Calpain Inhibitor treatment reduced both the behavioral/convulsive effects of kainate 
and the activation of calpain in the most severely affected animals. 
9. Condusion 

All of the foregoing studies support our discoveiy that Calpain Inhibitors 
provide in vfvo protection against neurodegen^tion associated with anoxiai 

25 exatotoxidty and other causes. Hius, these Calpain inhibitors possess neuroprotective 
activity against a variety of in vivo neurodegenerative diseases and conditions, induding 
exdtotoKidty, HIV-induced neuropathy, isdiemia following denervation or injury, 
subarachnoid hemorrhage, stroke, multqile infarction demcsitia, Alzheimer's Disease 
(AD), Huntington's Disease, Parkinson's Disease, surgeiy-rdated brain damage and 

30 other pathological conditions. 

Those Calpain Inhibitors which possess significant Calpain Lihibitoiy activi^ in 
vitro and also meet at least one of the foregoing or different tests for membrane 
permeability are excellent candidates f r treatment of neur degeneration. 
G. DRUG DELIVERY 
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Ihe ability of the various Calpain Inhibitors to penetrate plasma membranes is 
a significant advantage of these compounds from a pharmaceutical perspective. We 
believe that this ability, advantageous^, aUows the Calpain Inhibitors to provide 
excellent permeation of the Uood-brain barrier. Ihis is in contrast to many 
5 pharmaceuticals^ especially p^tides^ which often exhibit poor permeation of the blood- 
brain barrier. Thus, we believe that the Calpain Inhibitors will exhibit excellent results 
as phannaceuticalfy neuroprotective agents. 

For treatment of neurodegeneration, the Calpain Inhibitors can be administered 
orally, topicaUy or parenteral^. Ihe term "parenteraT as used herein indudes all non- 
10 oral delivery tedmiques induding transd^mal administration, subcutaneous injection, 
intravenous, intramuscular or intrastemal injection, intrathecal injection (directly into 
the CNS) or infusion techniques. 

The dosage dqiends primarify on the q>ecific formulation and on the object of 
the therapy or prophylaxis. The amount of the individual doses as well as the 

15 administration is best determined by individual^ assessing the particular case. 

However, in preferred compositions, the dosages of Calpain Inhibitors per day are 
preferably in the range of 1 fig/kg total body mass to 100 mg/kg total body mass, more 
preferably in the range of 10 |ig/kg total body mass to 10 mg/kg total body mass. 

The pharmaceutical compositions containing the active ingredient may be in a 

20 form suitable for oral use, for exanq>le as tablets, troches, lozenges, aqueous or oSy 

suspensions, dispersiUe powders or granules, emulsions, hard or soft capsules or syrups 
or elixirs. The amount of active ingredient that may be combined with carrier 
materials to produce a single dosage form will vary dq>ending upon the host treated 
and the particular mode of administration. However, ^ically, a single dose will 

25 contain suffident Calpain bhibitor to provide a complete day's dosage in a single orally 
acceptable form. 

For injection, the therapeutic amount of the Calpain Inhibitors or their 
pharmaceutical^ acceptable salts will normally be made by subcutaneous injection, 
intravenous, intramuscular or intrastemal injection, or by intrathecal injection (direcdy 
30 into the brain). In order to provide a single day's dose with a single injection, the 
pharmaceutical compositions for parenteral administration will contain, in a single 
dosage form, from about 70 (ig to about 7 g of Calpain Inhibitor per dose of from 
about Q£ ml to about 1 liter f carrier solution. In addition to the active ingredient, 
these pharmaceutical compositions wiU usualfy contain a buffer, e.g. a phosphate buffer 
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that keeps the pH in the range from 35 to 7 and also sodium chloride, and can also 
contain mannitol or sorbitol for adjusting the isotonic pressure. In a preferred form of 
these compositions, DMSO or other organic sohrent is added in order to assist the 
introduction of the Ca^ain Inhibitor across membranes. 
5 Additionally, lipids can be introduced into the pharmaceutical compositions in 

order to iaciiitate entiy of the Ca^ain inhibitor compounds into tissue of the CNS. 
These compositions are prepared in accordance with methods known to those of skill in 
the art Brief^, a lipid such as, phosphatidyl choline, cholesterol, other well-known 
lq>id carrier or mixtures thereof, is mixed with the active compound along with a 
10 solvent, the solvent is dried off and the material reconstituted in saline. The 

compositions can also indude other ingredients known to those of ordinary skill in the 

art, such as detergmts, surfactants or emulsifying agents. 

A composition for topical application or infusion can be formulated as an 

aqueous solution, lotion, jelly or an oily solution or suspension. A composition in the 
IS form of an aqueous solution is obtained by dissolving the Calpain Inhibitor in aqueous 
buffer solution of pH 4 to 6 J and, if desired, adding a polymeric binder. An oily 
formulation for topical application is obtained by suspending the Calpain Inhibitor in 
an oil, optionally with the addition of a swelling agent such as aluminium stearate 
and/or a surfactant The addition of DMSO to these topical compositions is believed 
20 to allow at least partial penetration of the active Calpain Miibitor into the blood 
stream after application of the composition to the skin of a patient to allow for 
transdermal administration. 

For treatment of neurodegeneration resulting from exdtotoxicity, HIV-induced 
neuropathy, isdiemia following dmervation or injury, subarachnoid hemorrhage, stroke, 
multq)le infarction dementia, Alzheimer's Disease (AD)^ Huntington's Disease, surgeiy- 
rdated brain damage, Parkinson's Disease, and other pathological conditions, the 
Calpain Inhibitors or pharmaceutical^ acceptable salts thereof may be administered 
orally or parenterally. The dosage depends primarify on the specific formulation and 
on the object of the therapy or prophylaxis. The amount of the individual doses as well 
as the administration is best determined fay individually assessing the particular case. 

In many acute neurodegenerative conditions and evwts, sudi as stroke and 
head injuiy, it is important to deliver the Calpain Lihibitor as soon after injury as is 
practicable. Thus, it is preteaUe to identify those individuals wh have suffered 
stroke, head injuiy or oth^ injuiy in wfaidi neurodegeneration is associated or is likdy 
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to occur, and to begin administration of a Calapin Inhibitor within 1 minute to 2 hours 
after the event, in order to prevent as much neurodegeneration as possible. 

A particular application of the Calpain Inhibitors within the scope of the 
present invention is the application of these compounds during surgeiy to prevent 
neurodegeneration associated therewith. For escample, for surgeries performed under 
general anesthesia, hypoxic conditions can occur through inadequate perfusion of the 
CNS while under anesthesia. Additionally, many major surgeries of the cardiovascular 
system require that a patient's heart be stopped and that perfusion be maintained 
through artificial means. In such surgeries, there is an increased danger of hypoxia 
occurring within the CNS, which can also result in neurodegeneration. Moreover, 
during neurosurgeries, there is an inherent risk of neurodegeneration resulting from 
inflammation, bleeding, hemorrhaging and the like. Such neurodegeneration can be 
— ^inhibited by infusion with a solution containing Calpain Inhibitor —However, 

neurodegeneration resulting from neurosurgery can also be reduced prophylactically by 
admioistration of a Calpain Inhibitor through any of the foregoing administration 
techniques. Such administration is also believed to inhS>it or prevent 
neurodegeneration associated with the use of anesthesia or with the use of artifical 
means of perfusion during major surgeries. A surgical patient can also have Calpain 
Inhibitor administered throughout surgeiy through intravenous drip. 

The following examples are intended to illustrate certain neuroprotective uses of 
the Calpain Inhibitors within the scope of the present invention. As such, they are not 
meant to limit the invention in any way. 

EXAMPLE 9 

A Neuroprotecthre Composition for Intravenous Injection 
500 |ig CHSCONH-CiTPrOIC from Example SHC2 
4 ml Propylene Glycol 

1ml DMSO 

EmiPLElO 

A Neuroprotective Composition for Intrav enous Drip 
250 mg Z-Leu-Phe-CONH-Et from Example PKC 47 
1000 ml Pho^hate Buffered Saline (pH 6.0) 
10 ml DMSO 
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EXAMPLE U 



isdermal 



25 mg Z-Leu-DL-Abu*COOEt from Example PKC19 

3 ml Phosphate Buffered Saline (pH 6.0) 

5 2ml DMSO 

EXAMPLE 12 

Neuroprotection after Head Iniurv 
Afirst group of patients who are victims of head trauma is ffven 2 ml of the 
injectable composition of Erample 9 intravenous^ within ten minutes of the time of 
10 injury. A second group of similarfy matched patients does not receive the composition. 
The first group of patients exhibits marked^ fewer and less severe outward symptoms 
of neurodegeneration, such as dementia, memory loss and parafysis. 

EXAMPLES 
Neuroprotection During Surgery 
15 A patient about to undergo a triple bypass heart surgery is administered 500 ml 

of the composition of Example 10 per hour using an intravenous drip system. During 
surgery, the patient's heart is stopped and perfusion continued through artificial means. 
Although complications develop while restarting the heart and disconnecting the patient 
from the artificial means of perfusion, the patient becomes conscious within several 
20 hours of surgeiy. Within a few days, the patient's mentsl status is normal with no 
indications of neurodegeneration. 

It will be appreciated that certain variations may suggest themsehres to those 
skilled in the art The foregoing detailed de5cr?)tion is to be clearly understood as 
given by way of illustration, the spirit and scope of this invention being interpreted 
25 through reference to the appended claims. 
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WHAT IS CLATMHD TSr 

1. Use of a Calpain inhibitor compound r a pharmaceutically acceptable 
salt or derivative thereof for the manufacture of a medicament for inhibiting or treating 
neurodegeneration in a mammal having or likety to experience a neuropathology 

5 associated with neurodegeneration. 

2. The use of Claim 1, wherein the neurodegeneration is occurring due to 
excitotoxicity, HTV-induced neuropathy, isdiemia, denervation following ischemia or 
injury, subarachnoid hemorrhage, stroke, multqile infarction dementia, Alzheimer's 
Disease, Huntington's Disease, or Parkinson's Disease. 

10 3. The use of Claim 1, wherein the medicament comprises a 

pharmaceutically accqitable carrier and is for parenteral administration. 

4. The use of Claim 1, wherein the medicament is in a form suitable for 
oral use. 

5. The use of Claim 3, wherein the medicament is for transdermal 
15 administration, subcutaneous injection, intravenous, intramuscular or intrastemal 

injection, intrathecal injection direcdy into the CNS or infusion. 

6. The use of Claim 1, wherein the medicament is for substantially 
preventing neurodegeno^tion in a patient undergoing surgeiy during and subsequent to 
the surgeiy. 

20 7. The use of Oaim 6, wherein the medicament is for a patient undergoing 

neurosurgery, cardiovascular surgeiy or a surgeiy using general anesthesia. 

8. The use of Oaim 1, wherein said Calpain inhibitor compound enters 

tissue of the CNS of the mamiqal. 

9. The use of Oaim 8, wherein said Calpain inhibitor compound is 
25 membrane-permeant 

10. An in vitro method of selecting Calpain Inhibitors for use as Calpain 
Inhibitor protectants in the in vivo treatment or inhibition of neurodegeneration, 
comprising: 

identifying compounds having Calpain inhibitory activity in vitro; and 
30 identifying those compounds with Calpain inhibitory activity that are 

membrane permeant through an in vitro assay for membrane permeance. 

11. The method of Qaim 10, wherein the in vitro assay for membrane 
permeance comprises: 

providing a pluraliQr of tissue portions from a mammal; 
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treating at least one, but not all, of the tissue portions with a Calpain 
Inhibitor; 

subjecting the tissue portions to an event that can cause degeneration in 
untreated tissue and 

5 measuring the amount of degeneration that occurs in the tissue portions; 

and 

comparing the amount of degeneration that occurs in the treated tissue 
portions with the amount of degeneration occurring in the untreated tissue 
portions, 

10 wherein an amount of degeneration in the treated tissue portions less than the 

amount of degeneration in the untreated tissue portions indicates that the Calpain 
Inhibitor is membrane-permeant 

12. The method of Claim 11, herein the tissue portions comprise brain 

slices, platelets or cells in culture. 
15 13* Ihe method of C3aim 11, wherein the measuring step comprises 

analyzing the tissue portions for the presence of the BDPs of a cytoskdetal 
component 

14. Ihe method of Claim 13, wherein the qtoskdetal component is spectrin, 

MAF2, actin binding protein or tau. 
20 15. The method of Claim 11, wherein the measuring step comprises 

measuring the electrical activity of the tissue portions. 

16. The method of Claim 11, wherein the in vitro assay for membrane 

permeance comprises measuring the ability of the Calpain inhibitor to penetrate 

platelet membranes and inhibit endogenous Calpain of the platelets. 
25 17. Use of a Substituted Heterocyclic Compound or a phannaceutically 

acceptable salt or derivative thereof for the manufacture of a medicament for inhibiting 

or treating neurodegeneration in a mammal having or Uksiy to experi^ice a 

neuropathology associated with neurodegeneration. 

18. The use of Claim 17, wherein the medicament is for inhibiting or 
30 treating neurodegeneration of the CNS. 

19. The use of Claim 17, wherein said Substituted Heterocyclic Compound 
comprises a member of the Class I Substituted Isocoumarins. 

20. Ihe use of Claim 17, wherein said Substituted Heterocyclic Compound 
comprises a member of the Class H Substituted Isocoimiarins. 
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21. The use of Claim 17, wherein said Substituted Heterocyclic Compound 
comprises a member of the Class HI Heterocyclic Compounds. 

22. Hie use of Claim 17, wh^ein said Substituted Heterocyclic Compound 
is 3-chloroisoooumarin; a 3,4-dichloroisoooumarin; a 3-alko^-7-amino-4- 
chloroisocoumarin; or a 7-substituted 3-alkoxy-4-chloroisocoumarin. 

23. The use of Qaim 17, wherein said Substituted Heterocyclic Compound 
is CflPrOIQ NH2-CiTPrOIQ PhCH^CONH^flPrOIC, CH3CONH-CnPrOIQ L- 
Phe-NH-CrrPrOIQ PhCH^NHCONH-CnEtOIQ PhCHjCONH-CflEtOIQ or D-Phe- 
NH-QTEtOIC 

24. Use of a Peptide Keto-Compound having Calpain inhibitoiy activity or a 
pharmaceutical^ acceptable salt or derivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegeneration in a mammal having or likely 
to txpenmce a neuropathology associated with neurodegeneration. 

25. The use of Claim 24, wherein the medicament is for inhibiting or 
treating neurodegeneration of the CNS. 

26. The use of Claim 24, wherein said Peptide Keto-Compound comprises a 
peptide a-ketoester. 

27. The use of Qaim 24, wherein said Peptide Keto-Compound comprises a 
peptide a-ketoacid. 

28. Hie use of Claim 24, wherein said Veptide Keto-Compound comprises a 
peptide a-ketoamide. 

29. Hie use of Qaim 24, wherein said Peptide Keto-Compound comprises a 
compound that is a member of one of the following subclasses: D^eptide a-Ketoesters 
(Subdass A), Dipq)tide a-Ketoesters (Subclass B), Tripeptide «-Ketoesters (Subclass 
A), Tr5)q)tide o-Ketoesters (Subclass B), Tetrapeptide o-Ketoesters, Amino Add 
Peptide a-Ketoesters, Dipeptide a-Ketoadds (Subdass A), D^q)tide a-Ketoadds 
(Subclass B), Ttipeptide a-Ketoadds, Tetrapeptide a-Ketoadds and Amino Add 
Peptide a-Ketoadds, D^tide o-Ketoamides (Subclass A), Dq;)eptide a-Ketoamides 
(Subdass B), Tripq)tide a-Ketoamides, Tetrapeptide a-Ketoamides or Amino Add 
a-Ketoamides. 

30. Use of a Halo-Ketone Peptide having Calpain inhibitoiy activity or a 
pharmaceutically accq)table salt or derivative thereof for the manufacture of a 
medicament for inhibiting r treating neurodegeneration in a mammfll having or likdy 
to e^erience a neuropathology associated with neurodegenerati n. 
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31. The use of Qaim 30, wherein the medicament is for inhibiting or 
treating neurodegeneration of the CMS. 

32. The use of Qaim 30, wherein said Halo-Ketone Peptide comprises an 
amino-halo ketone peptide. * 

5 33. The use of Qaim 30, wherdn said Halo-Ketone Peptide comprises a 

diazo-ketone peptide. 

34. The use of any one of Claims 17 through 33 wherein the 
neurodegeneration is associated with exdtotoxicity, HEV-induced neuropathy, ischemia, 
subarachnoid hemorrhage, stroke, brain seizure, major heart attack, multiple infarction 

10 dementia, Akheimer's Disease, Huntington's Disease or Parkinson's Disease. 

35. The use of any one of Claims 17 through 33 wherein the medicament 
comprises a pharmaceuticaliy acceptable carder, and is for parenteral administration. 

36. The^method7)f any one of 'CIaimn7~thfough 33 wherein the 
medicamrat is in a form suitable for oral use. 

15 37. Ihe use of C3aim 35, wherein the administration comprises transdermal 

administration, subcutaneous injection, intravenous, intramuscular or intrastemal 
injection, intrathecal injection direcdy into the CNS or an infusion tedmique. 

38. The use of any one of Claims 1 through 9 or 17 through 37, wherein the 
neurodegeneration is occurring from isdiemia-indudng events, stroke, head injuiy, 

20 major heart attack, brain sesure^ near drowning, carbon monoxide poisoning suigeiy- 
related brain damage or another event known to cause neurodegeneration. 

39. A method of minunizing proteolysis in an in vitro sample containing 
peptides or proteins during or following the processing, production, preparation, 
isolation, purification, storage or transport of the samples, comprising the addition to 

25 the sample of a Substituted Heterogdic Compound or a Peptide Keto-Compound that 
is a member of one of the following subclasses: Dipeptide a-Ketoesters (Subclass A), 
Dipeptide a-Ketoesters (Subclass B), Tripq)tide a-Ketoesters (Subclass A), Tripqitide 
a-Ketoesters (Subclass B), Tetrapqptide a-Eetoesters, Amino Add Pq)tide 
a-Ketoesters, Dipeptide a-Ketoacids (Subclass A), DJpeptide a-Ketoacids (Subdass B), 

30 Tripeptide a-Eetoacids, Tetrapeptide a-Ketoadds, Amino Add Peptide a-Ketoadds, 

Dipeptide a-Eetoamides (Subdass A), Dipeptide a-Eetoamides (Subdass B), * 
Tripeptide a-Eetoamides, Tetrapeptide a-Eetoamides or Amino Add a-Eetoamides. 

40. A method of minimizing degradation resulting from Calpain activity in a 
tissue sample during or following preparation f the sample, comprising the addition to 
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the sample of a Substituted Heterocyclic Compound, Peptide Keto-Compound or a 
Halo-Ketone Peptide. 

41. The method of Claim 40, wherein the sample is a whole organ and the 
addition of compound comprises peifiision of the organ with the compound dissolved in 

5 fluid. 

42. The method of Qaim 40, wherein, following the addition step, said 
tissue sample is used in an assay for neurodegeneration wherein the assay comprises a 
test for the products of Calpain activity in the tissue samples. 

43. The method of either Claim 39 or 40, wherein the addition of compound 
10 comprises addition of a Pq>tide arKetoadd to the sample. 

44. The method of Claim 43, wherein said Peptide a-Ketoacid comprises a 
compound that is a member of one of the following subclasses: Dipcptide a-Ketoacids 
(Subclass A), Dipq)tide a-Ketoadds (Subclass B), Tripeptide a-Ketoadds, 
Tetrapeptide «-Ketoadds or Amino Acid Peptide a-Ketoadds. 

15 45. A pharmaceutical composition for the treatment or inhibition of 

neurodegeneration comprising a pharmacological^ effective neuroprotective amount of 
a Substituted Heterocydic Compound or a pharmaceudcaliy accqitafale salt or 
derivative thereof in a pharmaceutically acceptable formulation containing a carrier 
material 

20 46. A pharmaceutical composition for the treatment or inhibition of 

neurodegeneration comprising a pharmacologically effective neuroprotective amount of 
a Halo-Ketone Peptide or a pharmaceutically aocq)tahle salt or derivative thereof in a 
pharmaceutical^ aocq>table formulation containing a caiiier materiaL 

47. A pharmaceutical composition for the treatment or inhibition of 

25 neurodegeneration comprising a pharmacological^ effective neuroprotective amount of 
a Peptide Keto-Compound, wh^ein said Peptide Keto-Compound comprises a 
compound from one of the following subdasses: Dipeptide a-Ketoesters (Subdass A), 
Dipeptide a-Ketoesters (Subdass B), Tnpqitide a-Ketoesters (Subdass A), Trq}eptide 
a-Ketoesters (Subdass B), Tetrq)eptide a-Ketoestm, or Amino Acid Peptide 

30 a-Ketoesters. 

48. Ihe composition of Claim 47, wherein said Peptide Keto-Compound 
comprises one of the following compounds: Bz-DL-Ala-COOCII2^C5H4-CF3 (para), 
Bz-DL-Lys-COOEt, PhCO-Abu<XX)Et, (CH3)2CH(CH2)2CO-Abu-COOEt, 
CH3CH2CH)2CHOO.Abu-COOEt or Ph(CH2)6CO.Abu-COOEt 
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49. Hie composition of Claim 47, wherein said Peptide Keto-Compound 
comprises one of the following compounds: 2>AIa-DL-Ala-COOEt, 
Z-Ala-DL-Ala-COOBzI, ZrAla-DI>Ala-CCX>nBu, Z*Leu-Nva-COOEt, 
Z-Leu-Nle-COOEt, Z-Leu-Phe-CXX>£t, 2>Leu-Abu-CXX)Et, Z-Leu-Met-CDOE^ 

5 Z-Leu-Ph&COOEt, Z-Leu-4-a-Phe-CXX>Et, 2-NapS02-Leu-Abu-CX>OEt, 

Z-Leu*NLeu-CX)2Et, Z-Leu*Phe-CX>26u, Z-Leu*Abtt-C02Bu, Z-Leu-Phe-C02Bzl, 
MeO-Suc-AIa-DL-Ala-COOMe, or Z^Leu-Abu-CO^BzL 

50. The composition of Claim 47, wherein said Pq)tide Keto-Compound 
comprises one of the following compounds: Z-Ala-Ala-DL-Ala-OOOEt, 

10 Z-Ala-Pro-DI^AIa-CX)OEt, Z-Ala-A]a-DL-Abu-COOEt» Z-Ala-Ala-DI/Abu-COOBzl, 
Z-Ah-Ah-DI^Abu-COOCH2-C^H4-CF3 (para), H-Leu*Ala-DL-Lys-COOEt, 
Z-Leu-Leu-Abu-COOEt, ZrLeu-Leu-Phe-CX)OEt, MeO-Suc-Val-Pro-DL-Phe-COOMe 
or 2-NapS02-Leu-Leu-Abu-CX>OEt 

51. The composition of CSaim 47, wherein said Pq)tide Keto-Compound 
IS comprises MeO-Suc-Ala-Ala-Pro-DLrAbu-COOMe or Z-Ala*AIa-AIa-DL-Ala-COOEt 

52. A pharmaceutical composition for the treatment or inhibition of 
neurodegeneration comprising a phazmacologicaify effective neuroprotective amount of 
a Peptide Keto-Compound, wh^ein said Peptide Keto-Compound comprises a 
compound from one of the following subdasses: D4>eptide a-Ketoacids (Subclass A), 

20 Dipeptide a-Ketoadds (Subclass B), Trq)^tide a-Ketoadds, Tetrapeptide arKetoadds 
or the Amino Add Pq)tide a-Ketoacbls. 

53. The composition of Qaim S2, wherein said Fq)tide Keto-Compound 
comprises one of the following compounds: Bz-DI>Lys-COOE^ Bz-DLAla-COOE^ 
Z-Leu-Phe-COOH or Z-Leu-Abu-GOOH. 

25 54. A pharmaceutical composition for the treatment or inhibition of 

neurodegeneration comprising a phaimacologicalfy effective neuroprotective amount of 
a Peptide Keto-Compound, wherein said Peptide Keto-Compound comprises a 
compound from one of the following subclasses: D^)eptide a-Ketoamides (Subdass A), 
Dipeptide a-Ketoamides (Subdass B), Tripeptide a«Ketoamides, Tetrapeptide 

30 a-Ketoamides or Amino Add a-Ketoamides. 

55. The composition of Claim 54, wherein said Peptide Keto-Compound 
comprises one of the following compounds: Z-Leu-Phe-CONH-Et, 2>Leu-Phe-C0NH- 
nPr, Z-Leu-Phe-CONH-nBu, Z-Leu-Phe-CONH-iBu, 2>Leu-Phe-CONH-Bzl, Z-Leu- 
Phe-CONH-(CH2)2Ph, Z-Leu-Abu-CONH-Et, Z-Leu-Abu-CONH-nPr, Z-Leu-Abu- 
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CONH-nBu, Z-Leu-Abu-CONH-iBu, Z-Leu-Abu-CX>NH.Bzl, Z.Leu.Abu-CX)NH- 

(CH^iVh, Z-Leu.Abu.CONH.(CH2)3.N(CH2C3l2)20, Z-Leu.Abu.CONH-(CH2)7CH3, 

Z.Leu-Abu-CONH-(CH2)20H, Z.Leu-Abu-CONH.(C3l2)20(CH2)20H. Z-Leu-Abu- 

CONH^CH2)i7CH3. Z.Leu.Abu-CONH-CH^-CfiH3(OCH3)2 or Z-Leu-Abu-CONH- 
5 CH2<:4H4N. 

56. Uie composition of Ciaim 45, wherein said Substituted Heterocyclic 
Compound comprises a member of the Class I Substituted Isocoumarins, Class II 
Substituted Isocoumarins or Class HI Heterogrdic Compounds. 

57. The composition of Claim 56, wherein said Substituted Heterocydic 
10 Compound is 3-chloroisocoumarin, a 3,4-dichloraisocoumarin, a 3-a]Icaxy-7-amino-4- 

chloroisocoumarin, a 7-substituted 3-aIko37-4-diloroisocoumarin; CSTPtOIC, NH,- 
aiPrOIQ PhCHaNHCONH-OIPrOIC, CHgCONH-OTPrOIC, L-Phe-NH-QTPrOIC, 
PhCHaNHCONH-OIEtOIC; PhCHjCONH-QTEtOIC, or D-Phe-NH-OIEtOIC. 

58. The composition of axsy one of Claims 45 through 57, wherein the 

15 composition is in dosage form comprising from 70 Hg to 7 g of active ingredient in each 
dose. 

59. The composition of ai^ one of Claims 45 through 57, wherdn said 
carrier material comprises a liquid, wherein the composition is in dosage form and 
wherein each dose comprises from 03 ml to 1 litw of said carrier material 

<50. The composition of any one of Claims 45 throu^ 57, additional^ 
comprising at least one of die following: DMSO or otiier or^mic sohrent, a lipid 
carrier, a detergent, a surfactant or an emulsifying agoit 

61. The composition of anjr one of Claims 45 through 57, whetein the 
composition is suitable for parenteral administration. 
25 62. The composition of any one of Claims 45 through 57, wherdn said 

composition is in a form suitable for topical application. 

63. The composition of any one of Claims 45 tiirough 57, wherein said 
composition comprises an aqueous solution, a lotion, a jeSfy, an oily solution, or an oily 
suspension. 

^- Use of a Substituted Ifoterocydic Compound as a medicament 

65. Use of a Halo-Ketone Pqitide as a medicament. 

66. Use of a "Peptide Keto-Conqpound as a medicament, wherein said 
Peptide Keto-Compound is a compound fr m one of the following subclasses: 
D^eptide a-Ketoesters (Subdass A), Dqjeptide a-Ketoesters (Subclass B), Tripeptide 
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o-Ketoesters (Subdass A), Tapeptide a-Ketoesteis (Subclass B), Tetrapeptide 
a-Ketoesteis, or Amino Add feptide a-Ketoest^ 

67. The use of Caaim 66, wherein said Peptide Keto-Compound comprises 
one of the following compounds: BzrDL-Ala-COOEt, Bz.DL-Ala-COOCH2-C6H4-CF3 

5 ^ara), BzrDL-Lys-CXDOEt, PhCO-Abu-CX)OEt, (CH3)2CH(CB^CO-Abu-COOEt, 
CH3CB2CH)2CHCO.Abu.4:OOEt or Ph(Ca^^Abu<»OEt 

68. The use of Claim 66, wfaerdn said Peptide Keto-Compound comprises 
one of the foUowing compounds: Z.Ala-DLAla-CCX)Et, ZAla-DL-Ala-COOBd, 
Z-Ala-DIyAla-OXtaBu, Z-Leu-Nva-COOEt, Z-Leu-Nle-COOEt, Z-Leu-Phe-COOEt, 

10 Z-Leu-Abu-COOEt, Z-Leu-Met-COOEt, Z-Leu-Phe-CCXJEt, Z-Leu.4-a-PIie-COOEt, 
2-NapS02-Leu-Abu-COOEt, Z-Leu-NLeu-COjEt, Z-Leu-Phe-COjBu, 
Z-I^UrAbu-C^^u, Z-Leu-Phe-COjBd, MeO-Suc-Ak-DI^Ak-CXDOMe, or 

2:-Leu-Abu-C02^ 

69. The use of Claim 66, wherein said Pqitide Keto-Compound comprises 

15 one of the following compounds: ZAla-Ala-DIrAla-COOE^ 

Z-Ala-Pro-DIyAla-COOEt, Z-Ala-Ala-DLAbu-COOEt, Z-Ala-Ala-DL-Abu-COOBzI, 
Z-Ala-Ala-DI/Abu-COOCH2-C^-CF3 (para), H-Leu-Ala-DD-Lys-COOEt, 
Z-Leu-Leu-Abu-COOEt, Z-Leu-Leu-Phe-OOOEt, MeO-Suc-Val-Pro-DL-Phe-COOMe 

or 2-NapS02-Leu-Leu-Abu-CCK)Et. 
20 70. The use of Claim 66, wherein said Peptide Keto-Compound comprises a 

Tetrapq>tide a-Ketoester. 

7L The use of Claim 66, wherein said Peptide Keto-Compound comprises 
MeO-Suc-Ala-Ala-Pro-DL-Abu-OOOMe or ZrAla-Ala-Ala-DL-Ala-COOEt. 

72. Use of a Pqitide Keto-Compound as a medicament, viierein said 
25 Pq)tide Keto-Conqpound is a compound from one of the following subclasses: 

Dipeptide a-Ketoadds (Subdass A), Dq>eptide a-Ketoadds (Subdass B), Tripeptide 
a-Ketoadds, Tetrapq>tide a-Ketoadds or Amino Add Pqitide a-Ketoadds. 

73. The use of Claim 72, wherein said Peptide Keto-Compound comprises 
one of the following compounds: Bs-DL-Lys-COOH, Bz-DLAla-COOH, Z-Leu-Phe- 

30 CX)OH or 2^Leu-Abu-COOH. 

74. Use of a Peptide Keto-Conqxnmd as a medicament, wherein said 
Peptide Keto-Con^ound is a oon^und from ne of the following subdasses: 
Dipeptide o-Ketoamides (Subdass A), Dipq)tid a-Ketoamides (Subdass B), 
Tnpeptid a-Ketoamides, Tetrapq)tide a-Ketoamides or Amino Add a-Ketoamides. 
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75. The use of Qaim 74, wherein said Fq)tide Keto-Conpound conq>rises 
one of the following compounds: Z-Leu-Phe-CX)I>aEI-Et, Z-Leu-Phe-CX:>NEI-nPr, 
Z-Leu-Phe-CONH-nBu, Z-Leu-Phe<X)NH-iBu, Z-Leu-Phe-CONH-BzI, Z-Leu-Phe- 
CONH-(CH2)2ph, Z-Leu-Abu^NH-Et, Z-Leu-Abu-<30NH-nPr, ZpLeu-Abu-CONH- 
5 nBu, Z-Leu-Abu-CX>NH-iBu, Z-Leu-Abu-CONH-Bzl, ZpLeu-Abu-CX)NH-(CH2)2Ph, 
Z-Leu-Abu-CONH-(CaJ2)3-N(CH2CH2)20, Z-Leu.Abu-CX)NH-(CH2)7CH3, Z-Leu- 
Abu-CONH.(CH2)20H, Z-Leu.Abu-CONH-(CH2)20(CH2)20H, Z-Leu-Abu-CONH- 
(CH2)i7CH3, Z.Leu.Abu-CONH-CH2-C^3(OCH3)2 or Z-Leu-Abu-CONH-CHj- 
C4H4N. 
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